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0.0 PREFACE 

LEGISLATIVE AUTHORITY FOR 
HABS/HAER and the 
USE OF OTHER GUIDELINES. 

HAER projects to the Secretary's Standards 
with an understanding of the Standards' 
applications. 

The legislative authority for HABS/HAER is the 
1935 Historic Sites Act (Public Law 74-292) 
and the 1966 National Historic Preservation Act 
(Public Law 89-665), as amended in 1980 
(Public Law 96-515). 

These guidelines should be used in conjunction 
with: 

1) Secretary of the Interior's Standards and 
Guidelines for Architectural and Engineering 
Documentation as published in the Federal 
Register, Vol. 48, No. 190 (Thursday, 
September 29, 1983), Notices, pp. 44730-
44734, generally known as the HABS/HAER 
Standards. 

2) Recording Historic Structures. John A. 
Burns, editor. Washington, D.C.: The AIA 
Press, 1989. 

3) HABS/HAER Guidelines: 
-HABS Historical Reports 
-Historic American Engineering Record 

Field Instructions (1981) 
-Recording Historic Ships 
-Transmitting HABS/HAER Documentation 

THE HISTORIC AMERICAN 
ENGINEERING RECORD. 

This manual is a revision of the HAER Field 
Instructions manual issued in 1981. It replaces 
the 1981 edition and integrates the Historic 
American Engineering Record's documentation 
process with the Secretary of the Interior's 
Standards for Architectural and Engineering 
Documentation, published in 1985 (see Section 
5.1 for complete text). Since documentation is 
by nature selective and interpretive, the 
following guidelines should help you complete 

Background. The year 1994 marks the 25th 
anniversary of the Historic American 
Engineering Record. The program was founded 
in 1969 by the American Society of Civil 
Engineers, the Library of Congress, and the 
National Park Service after it became apparent 
to many in the preservation community that 
industrial and engineering resources demanded a 
different sort of interdisciplinary documentary 
approach from that applied to historic 
architecture. Modeled on the Historic American 
Buildings Survey (founded in 1933), HAER set 
out with historians, architects, engineers, and 
photographers to capture vanishing industrial 
and engineering treasures in rural and urban 
areas nationwide. In 1986, the American Society 
of Civil Engineers was joined by the American 
Society of Mechanical Engineers (ASME), the 
American Society of Chemical Engineers 
(ASCE), The American Institute of Mining and 
Metallurgical Engineers (AIMME), and the 
Institute of Electric and Electronic Engineers 
(IEEE) as signatories to HAER's mission. In the 
quarter century since its founding, HAER has 
accumulated documentation on over 4,450 
historic industrial sites and structures 
representing a varied cross-section of America's 
industrial and technological heritage. Each site 
is preserved on paper in written historical 
reports and large format photographs; sets of 
measured drawings were generated to visually 
capture the significant characteristics of many 
sites. These media are often the only integrated 
record of once common or ground-breaking 
examples of American engineering, industrial 
and entrepreneurial genius. They are a 
significant resource for the American public. 
The Historic American Engineering Record and 
the Historic American Buildings Survey 
together preserve over 30,000 sites. The HAER 
and HABS collections generate over 40% of the 
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reference requests at the Prints and Photographs 
Division at the Library of Congress while 
constituting a mere 1 % of the records available 
there. Microfilm copies of the HAER collection 
produced by Chadwick-Healy are available at 
over 110 libraries throughout the United States. 

HAER documentation has numerous uses aside 
from preservation of information for posterity. 
Recording projects have often focussed attention 
on underappreciated resources and established 
their significance. Documentation can provide 
solid rationales for planning and funding 
preservation projects. HAER records can aid 
considerably in preparing National Register 
nominations, or in the conservation, maintenance, 
or restoration of a site. Interpretive brochures and 
exhibits, graphics, and educational programs have 
utilized HAER data as well. 

HAER Project Parameters. HAER usually 
records a site as it exists at the time of 
documentation, not as an ongoing process 
spread over the future life of a site. The average 
recording project administered by HAER runs 
for twelve weeks during a summer and employs 
anywhere from three to a dozen students per 
recording team, depending on a site's complexity 
and available funding. Some sites require two or 
more successive summers to document, usually 
due to funding limitations and optimum team 
management. Documentation projects conducted 
for HAER under other auspices are not subject 
to these limitations. Part of HAER's mission is 
to employ, under professional guidance, student 
architects, engineers, graduate level student 
historians and others and give them exposure to 
and training in an unique area of historic 
preservation. Their work also contributes 
substantially to the public good and can lead to 
other professional opportunities. 

Final Review. HAER reviews all 
documentation submitted for conformity to the 
Secretary's Standards and HAER guidelines. 
The HAER staff in Washington, DC or National 
Park Service systems support offices will gladly 
review "in progress" projects for direction, 
content and quality so that any problems can be 
addressed early. 

WARNING: Failure to conform to 
specifications for archival materials and sizes 
will mean return of documentation regardless 
of its merits. 

Significant departures from the guidelines may 
be justified from time to time while still meeting 
the Secretary's Standards-contact HAER for 
advice. Inappropriate or poorly produced 
records will be returned for correction. 

ACKNOWLEDGMENTS. 

This revision would not have been possible 
without the assistance of the HAER staff, the 
interest of Eric N. DeLony, Chief, HAER, and 
funding by HABS/HAER Chief, Robert J. 
Kapsch, Ph.D. Thanks go especially to Richard 
O'Connor and Christine L. Madrid, HAER staff 
historians who drafted and compiled the bulk of 
the historian's section as the HAER Historians' 
Guidelines. Portions of HABS/HAER 
Guidelines: Transmitting HABS/HAER 
Documentation ("Transmittal Guidelines") by 
Georgette Wilson, Brian Cary and Monica 
Murphy have been paraphrased or borrowed 
wholesale and included in various places. Jack 
Boucher and Jet Lowe, staff photographers for 
HABS and HAER respectively, gave of their 
time, expertise and comments to review and 
update the photographers' section. HAER staff 
architect Craig N. Strong coordinated the HAER 
staff's review of manual drafts and made 
numerous editorial suggestions to the manual 
format as HAER manual project manager. 
HAER architects Tom Behrens, Todd A. 
Croteau and Christopher Marston assisted Craig, 
and helped pull numerous drawings for 
inclusion in the drawing section. HAER staff 
contributed numerous observations bom of years 
of project field experience. Thanks also to Paul 
Dolinsky, HABS Chief, and to Georgette 
Wilson, HABS/HAER Records Manager, and 
many other HABS/ HAER staff members for 
their review and comments on drafts. A special 
thanks to Susan Benz and Thomas Behrens for 
their coordinated effort in editing and finalizing 
this edition of the manual. 
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1.0 EVALUATING SITES 

1.1 INTRODUCTION 

Technological sites come in various forms such 
as bridges, factories, dams, skyscrapers, or 
aqueducts. They can be situated in vastly different 
environments such as densely populated cities, 
small towns, and rural areas. Sites differ in size 
and in complexity: from a small machine shop to 
a large industrial plant. In addition, sites may be 
in ruins, intact, and/or in use. 

There is no set formula for a recording team to 
follow when documenting a particular site. Each 
industrial or structural type demands individualized 
attention. Each site has its own history-so each is 
unique. Yet despite all the variables, a team should 
adhere to a general modus operandi. 

These are basic questions to ask and answer: 

What was there? Identify all its important 
features, both man-made and natural. 

Inquiries should not be limited to just these 
broad questions. There are interesting 
peculiarities of each site that can be explored. 
As they apply, specific questions can be tailored 
to each unique site. 

While considering these questions (and the 
means of answering them), you should be aware 
of the following: 

1. Because time is limited, ask questions that 
seem most applicable and important. Try to 
develop an overall strategy or plan of attack. 
Establish a historical point of view and frame 
major questions within context. 

2. Start with the site itself. What does it tell 
you? What questions does it raise? Also, seek 
out manuscript records, published materials, 
historical graphics, and knowledgeable local 
individuals who may have worked on or lived 
near the site. 

Why was it there? Explain the purpose of the 
site and why it was chosen. 

How did it work? If it is a manufactory, discuss 
relevant machinery and trace the industrial 
processes. If it is a civil engineering work such 
as a bridge or a dam, how did the design work to 
resist loads, stresses, strains, e tc .? 

What shaped its development? Relate the form 
of the structure to its function, economic 
considerations, and other identifiable influences. 

Who did the work? Sites did not develop on 
their own. What important individuals designed, 
built, or paid for it? Who worked there or 
operated it? 

How did the site change over time? Few historic 
industries and engineering works exist today in 
their original form. Separating several 
generations of changes will be an important 
challenge of any documentation team. Include 
changes both in form and function. 

3. If information in one area is skimpy, turn to 
another pertinent area where the information 
is more bountiful. 

4. Answer questions by the best means avail
able. Recognize and take advantage of the 
fact that written reports, drawings, and 
photographs all have their strengths and 
weaknesses. 

5. Historians and engineers must always remem
ber that each report focuses on a particular 
site. Projects are site-specific, and constitute 
specialized forms of local histories. The story 
of a given site should be written with back
ground information of relevant regional or 
national trends and developments, while 
keeping the site itself in the foreground. 

1.2 ANALYZING THE SITE 

Industrial or engineering sites are located on 
property with physical boundaries. By 
examining the process of site selection, and by 

1 



studying environmental, social, and economic 
factors, you often come to a better 
understanding of the essential nature or basic 
requirements of the industry or technology you 
are studying. Analyze the sites in terms of: 

Topography. Were any natural features a 
particular asset or liability'7 

Geology. This is of particular importance when 
assessing the work of a civil engineer. 

Climate. Did hot summers, harsh winters, or 
humidity in any way affect design, construction, 
or operation? 

Minerals, Building Materials, and Water 
Resources. How did the availability or lack of 
these items influence the development of the 
site? 

Community and Business Services. Was the site 
amidst a well-developed community that offered 
a wide range of services? Or was it isolated, 
causing the developer to attend on his own such 
matters as workers' housing and social services? 

1.3 ANALYZING STRUCTURES 

A site may have only one structure on it, such as 
a lighthouse, bridge, or small grist mill. Or it 
may be a complex assemblage of structures, 
some of which are intact, ruins or foundation 
walls. When documenting a site, identify and 
assess each and every structure and make value 
judgements as to what structures are of greatest 
interest and significance. The terms interest and 
significance are hard to define. To get a handle 
on the relative significance or important features 
of individual industrial structures, ask these 
questions: 

Natural or Man-Made Barriers or Obstacles. 
Did they exist at the site? Did they affect the 
design or limit expansion? 

Transportation Systems and Utilities. Did the 
site offer convenient ties to the outside world via 
rail, water, or road? Did it have access to 
adequate public utilities: energy, water, 
sewerage, etc...'? 

Land Values, Real Estate Prices. Did 
particularly high or low land acquisition costs 
affect the size and shape of the site? 

Markets and Capital. What market did the site 
serve? Did the market's location affect the site's 
location? Where did the capital come from, and 
did that affect site location? 

Labor. What influences were exerted by the 
local labor supply—by the number of laborers 
available, the skills they embodied, and labor 
costs? 

Zoning Ordinances, Regulations, Building 
Codes, and Taxes. From an entrepreneur or 
developer's point of view, was the community 
hospitable towards his intentions? Did the 
community offer incentives for development? 
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• What is if 

• What was its function? 

• When was it built (and maybe come 
down)? 

• Who designed, engineered or built it? 

• How much did it cost? 

• What materials was it made of, and why? 

• How was it made? 

• What form did it take? 

• How did form relate to function? 

• What machinery and systems did it house? 

• How many people worked on it or in it? 

• What products were made, and what 
processes were carried out? 

• How long did it remain in service? 



• It is rare or unusual? 

• Is it typical of an important type? 

• Is it associated with significant individuals, 
inventions, or events? 

• How much did the individual structure 
contribute economically or technologically 
to the site as a whole? 

On the basis of such questions, you may 
conclude: 

1. that a particular structure is relatively 
insignificant in terms of both form and 
function, and therefore merits minimal study 
and documentation; 

2. that the structure's function, rather than its 
form, is of primary interest (i.e., the 
operations or work sheltered in a structure are 
more important than the structure itself); 

3. that the structure itself (i.e., its form and 
building technology) is of primary interest, or 

4. that the structure's form and function are of 
interest and should be documented in detail. 

By making this type of assessment, historians, 
engineers, architects, illustrators, and 
photographers will be aided in their work. 

1.4 ANALYZING THE WORK PLACE. 

If a site is of interest because of its function, 
then document how the function was carried 
out—how the work was organized and executed. 
Look to see how the workers, machines, tools, 
and materials worked together to perform a task. 
Some questions that should be asked are: 

• What machines and tools are or were 
present in the structure? 

• Who manufactured the equipment and 
when? 

• How was the machinery organized in the 
structure, and why? 

• How was the machinery driven; by water, 
steam, human power, diesel, gas engine, 
compressed air, electricity? 

• How was power transmitted throughout the 
structure? 

• What were the products? Did the 
workplace mass-produce a specialty, or did 
it produce or repair myriad things? 

• What materials were used, and how were 
they processed or shaped? 

• What working conditions existed? What 
were the conditions of light, heat, 
ventilation, fire prevention, and air and 
noise pollution? 

• What was the source of initiative and 
direction? Resident owner, absentee owner, 
works manager, engineer, designer, 
foreman, "tradition", or other? 

• What was the size of the labor force? 

• What different occupations or job levels 
existed? 

• Where did the labor force come from, and 
was it in any way distinctive in terms of 
sexual, ethnic, or racial make-up? 

• Which jobs required the most skill, were 
the highest paying, were the easiest or the 
most dangerous? 

• Were children employed? 

• Was the labor organized? 

• Was the labor exploited? 

• Was the venture profitable? How so? 
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The site may not be just one workplace; a 
complex site may be an assemblage of 
workplaces. Each important structure on a site 
should be dealt with individually, yet when 
dealing with such an assemblage it is important 
to tie individual pieces together as a whole. 
Conceptualize an assemblage as a system, and 
explore the interrelationships or 
interdependencies that may have existed 
between the various parts. 

1.5 ANALYZING TECHNOLOGICAL 
CHANGES 

• Fires, floods, explosions, strikes, or other 
major disruptions at the site. 

In assessing the technological change that did 
(or did not) occur at the site, try to discover: 

• Who instigated the changes, and why? 
(The reverse of this is: Who resisted the 
technological change, and why?) 

• Where did the idea for technological 
change come from? Was new technology 
developed internally, or on the outside? 

The site may not be of recent vintage, it will 
most likely show evidence of time and perhaps 
majors changes. Civil engineering works-such 
as dams and bridges—often have survived into 
the present with only small changes, such as 
some wear and tear. But manufactories have 
seldom escaped alterations. They may have 
absorbed new technologies, acquired new 
machinery and equipment, employed a different 
type of labor force, and constantly altered or 
updated products. 

Because of the short duration of a project, it is 
difficult to document the effects of time and 
technological change. Begin by recognizing that 
not all time periods are equal in significance. In 
most cases the three blocks of time that are most 
relevant and merit the most intensive study are 
the development period, the "high-water mark" 
period, and the demise period. 

In evaluating the life of a site, look for periods 
of interesting activity, check for: 

• What new machinery or processes did the 
changes entail? 

• What were the effects of these changes on 
the organization of work, on the labor 
force, on productivity, and on profitability? 

• Was the technology at the site consistently 
state-of-the-art? Did the site lead or lag in 
terms of adopting new technologies? 

1.6 ANALYZING IMPACT 

Although it is important to examine a site as a 
microcosm, assess it in terms of what impact it 
may have had upon a larger community. This is 
true for both manufactories and civil 
engineering works. 

• What effect did the site have on its local 
community? Was it a major or minor 
contributor to the community's social or 
economic life? 

Did the goods or services provided by the 
site have any regional or national 
significance? 

Were any new products or technologies 
developed at the site subsequently adopted 
by others in larger numbers? 

What effect did the site's operation have on 
the environment and on the "quality of 
life"? 

• Changes in ownership, management, or 
internal organization. 

• The effects of changes in the national 
economy—recessions, depressions, etc. 

• Changes in the market place or in the 
demand for the products or services 
provided by the site. 

• The effect of the growth or demise of 
competitors. 
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1.7 CONCLUSION 

These areas of inquiry do not constitute a 
formula; but they do constitute a long list of 
possible questions to ask. From this list, 
generate a research strategy custom-tailored to 
the history of your particular site taking into 
consideration the time and research materials 
available. 
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2.0 HISTORICAL REPORTS 

2.1 INTRODUCTION 

Historians and engineers must keep a narrow 
focus when researching and documenting a site. 
These guidelines will assist you in setting 
realistic goals and preparing your historical 
report for the Historic American Engineering 
Record (HAER) in accordance with the 
Secretary's Standards for Architectural and 
Engineering Documentation (see Section 5.1). 
In addition to outlining your responsibilities 
regarding the final product of your research 
endeavors, it also discusses the various 
components of report writing, suggests a number 
of potential sources, raises some stylistic 
considerations, provides a few basic 
grammatical conventions, and addresses the 
stringent requirements for transmittal of HAER 
documentation to the Library of Congress. 

The project historian must keep in mind that he/ 
she is an integral part of the recording team and 
cannot, therefore, expect to work in a solitary 
fashion. They are expected to familiarize 
themselves quickly with the site and technology, 
and to work with the architects to develop the 
subject matter for the drawings. Often, 
historians will be instrumental in explaining to 
the team the way a particular process or piece of 
equipment works, and answer specific research 
questions and problems that emerge in the 
rendering of the drawings. 

NOTE: The ideal relationship between the two 
professions is symbiotic: helping architects 
visualize a process can give the historian 
insights into the nature of the technology that 
otherwise may have gone unnoticed. Because 
their measuring duties bring them an intimate 
acquaintance of the site, these other team 
members will find physical evidence that 
confirms, challenges, or fills gaps in the 
documentary resources historians dig into. 

The site itself is a source of information as 
important as the engineering drawings, maps, 
business records and other materials you 
explore. If you haven't read Sections 1.3 and 

1.4, do so to familiarize yourself with HAER's 
documentary approach. 

HAER documentation takes three forms: large-
format photographs, drawings (interpretive, 
process, and structural), and written histories. 
The specific products of the historian will 
consist of a photographer's "shoot list" and 
possible assistance to the photographer, 
assistance to the drawing team and text for 
drawings (if there is a photographic and/or 
drawing component), and the various 
components of the historical report. This section 
is intended to guide you in their production. 

2.2 PHOTOGRAPHY 

Photography is an integral part of the HAER 
historian's field work. As part of her/his 
orientation to the site, the historian should take 
35mm field photographs for assistance in 
preparing materials for transmittal (HAER 
supplies the film and processing). These 
photographs will be transmitted to the Library of 
Congress as part of the "field records." 

In addition, the historian should plan to take 
color slides of significant aspects of the site's 
architecture and technology that could be used 
in presenting the project at a public forum. 

HAER records nearly all sites it documents with 
large-format photography. Generally, HAER 
project leaders try to schedule the 
photographer's visit to a site sometime after the 
startup date, to allow the historian and drawing 
team time to familiarize themselves with its 
significant architectural and technological 
features. 

NOTE: As the historian, you will be instru
mental in developing a "shoot list"-a list of 
views that will be valuable in emphasizing 
significant aspects of your report or the 
architects' drawings. Copies of historical 
photographs can also be included on this list. 
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Fig. 2.1 
Photo Service Request Form 
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This Photo Request cannot be accepted and photographs cannot be made unless and until this form is 
completed as outlined below. Please read and follow instructions fully. 

1. Form Usage: 
Use a separate form for each structure, but include minoi dependencies on the same form as their parent 
structure. Please type. 

2. Completing the Form: 
Every statement in the area on the reverse side between the two heavy lines absolutely must be completed in 
detail. 

a. It is necessary to list both exterior and interior details required. Use general terms for obvious detail 
(e.g., front elevation; perspective view of front elevation; detail, oriel, west side; fireplace, 1st floor. NW 
room). Be sure to describe exact location of hidden details (e.g.. original chairrail fragment, closet. 3rd 
floor, SE room). 

b. Do not recommend camera location, but specify details to be included in a given photograph, especially 
if the details have been measured and drawn. 

3. Deadlines: 
Specify, but be realistic. Do not give a date a month early to be on the safe side. 

4. Priority: 
Use high if structure is endangered, or of immense importance from an architectural, engineering or historical 
viewpoint, or if the structure is being measured and drawn. 

Use medium for all buildings that are significant to the project in which you are involved, such as those for 
photodata book coverage. 

Use low for all structures which, if they are not covered, little or no harm will result, or which will be avail
able for photo coverage for a long period of time according to present knowledge. 

5. Direction Principal Elevation Faces: 
This is VERY important. Use a compass. Identify the direction using one of the sixteen points of the com
pass or by degrees. DO NOT substitute time of day and the sun's presence for the compass reading. 

6. Entry Contact: 
Obtain permission to photograph every structure, whether privately or publicly owned. Positively do not as
sume that because a structure is a post office, city hall, railroad tunnel, railroad station, bridge, etc.. that per
mission to photograph is automatic. IT IS NOT! And record not only tire name of the principal person to 
com act. but the name of a subordinate in charge during his absence. Get phone numbers and addresses. 

7. Location Map: 
Provide a good map of the area, if possible, and indicate on the map the exact location of each structure for 
which documentation is requested. Key die map sites to the photo request forms using numbers and the space 
provided on the reverse side. USGS maps are ideal. 

8. Signing the Form: 
Sign your name in the block ordered by and give your phone number. It woidd be very helpful if you would 
include your address and phone number away from the job (e.g.. Team supervisor's winter address & phone). 
Division or regional approval required. 

9. Heavy Lines: 
Remember. DO NOT write above or below the two heavy lines. 

10 Routing of Request: 
Transmit yellow and pink copies to: Chief. HABS/HAF.R. You will be personally notified if your request 
cannot be handled for any reason prior to the noted deadline, in which case arrangements will be made on 
your behalf if you wish to have the assignment contracted to qualified non-government photographers. Retain 
blue copy for your record. 

11 Please staple a snapshot of the structure to the front of form, and the requested map. 

MAILING ADDRESS: Historic American Buildings Survey/ 
Historic American Engineering Record 
National Park Service 
U.S. Department of the Interior 
Washington. DC 20340 
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Quite possibly, you will be asked to accompany 
the photographer during the shoot and keep the 
log book, recording the salient features of each 
view for later captions. Completing all necessary 
Photographic Services Request forms is critical 
if a photographer cannot be scheduled to cover 
your site until after the field team has left (see 
Fig. 2.1). 

Large Format Photo Captions should be written 
by team historians. It is very important that you 
go beyond mere description (e.g. "view west of 
Building 20") to point out more about the 
subject matter. For example, did you mention 
that the two steel ducts on the front of Building 
20 carry acids from Building 18? Did you 
mention that the stack of glassy looking material 
by the door of Building 20 in the photo is glass 
pipe for conducting corrosive materials at the 
plant? 

Further guidance and format are covered in the 
chapter on Large Format Photography and in the 
Transmittal Guidelines. 

2.3 MEASURED DRAWINGS 

Documentation projects often have a drawing 
component. Measured drawings are a powerful 
medium for displaying significant facts and 
relationships about a site that simply cannot be 
entirely captured photographically or in writing. 
It is your job to assist the architects in choosing 
the content of measured drawings so that the 
inherent strengths are maximized. Teams of 
architects will spend much of the summer 
photographing, interpreting, sketching and 
measuring industrial and engineering sites and 
processes, and then rendering images in ink on 
mylar for transmittal to the Library of Congress. 
The project historian plays a vital role in the 
development of the text and labels as an integral 
part of the drawing set. 

NOTE: Developing text requires that the 
historian and architects work closely together. 
When rendering their drawings, architects 
should keep a "punch" list of significant 
components that they feel should be called out 
in the explanatory text. The historian's text 
should combine his/her understanding of the 

process and technology with the subject matter 
of the drawings, using the "punch" list as a 
rough guide to material that should appear in 
the text. 

Available space will sometimes be a point of 
disagreement; it is incumbent on the historian 
and architects to arrive at a decision that permits 
adequate explanatory text without 
compromising the visual integrity of the 
drawings. 

NOTE: Be sure that any drawing sources used 
by the architects are footnoted on the drawings. 

2.4 WRITTEN REPORTS 

Generally, the quality of a HAER report should 
be no less than that of a graduate seminar paper. 
This makes sense, insofar as most HAER 
summer historians are involved in graduate 
programs, the summer project is approximately 
the length of a school term. 

The goals, content, and format of a HAER 
historical report are discussed below with 
reference to the Secretary's Standards, which 
are based on established canons for 
documentary research and good writing. 

HAER historical reports vary considerably in 
length and breadth. Obviously, you want to go 
into as much detail as possible in discussing a 
site's history and its technology. Two factors 
that largely determine the scope of your work 
are time available and extant data sources. 

Be sure that you and the team read over Chapter 
1. HAER historical reports document the 
development and/or implementation of 
engineering principles, innovative and/or 
surviving technologies, and extractive/ 
manufacturing processes. The focal point of 
most reports will be the engineering and/or 
technological history of the site being 
documented. Within this framework, the HAER 
historian often has ample room to explore topics 
of personal as well as professional interest. 
Some potential subjects for investigation might 
be: the origins of a particular technology; the 
timing of its diffusion; the relationship between 
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technological developments and the history of 
an enterprise or site; the relationship of a 
particular technology or engineering practice to 
the landscape (as in park road systems); and 
technology and the organization of the labor 
process. 

Keep in mind that HAER historical reports 
should not be "'Dragnet" history—"just the facts, 
ma'am;" nor should they be "kitchen sink" 
history—"everything including...," as 
appropriately phrased by HAER engineering 
historian Gray Fitzsimons. You are not writing a 
description of a site that would allow the more 
precocious among us to build the site anew. 
Rather, this is an exercise in interpretation, one 
that seeks to understand and explain the 
significant aspects of the site to a literate 
audience conversant in the discussion of 
technology, but perhaps not in the particular 
technology you are studying. 

Every HAER historical report should be written 
from a critical perspective. Critical narrative is 
an appropriate format, but remember the old 
adage that "History is more than just one damn 
thing after another." 

Themes 

Themes should be developed from your 
knowledge of the history of technology and 
from your analysis of the technology or site you 
are evaluating. They should strive to put the site 
or technology into historical context and 
underscore its particular significance. 

A quick way to evaluate your themes is to 
subject them to the '"so what?" test. Read them 
over and ask yourself why anybody 
knowledgeable in the field would care about 
what you have written. If you can honestly 
describe what it is about your research that is 
important, then you are well on your way to 
writing a credible report. 

Themes should not materialize during the 
course of your work. Instead, they should drive 
your research, shaping the questions you ask 

and helping determine the historical resources 
you consult. Since few of us embark on a project 
as experts in the particular site or industry we 
are documenting, themes are often difficult to 
formulate and may appear rudimentary and 
uninformed in their early stages. Nonetheless, it 
is critical that you formulate your themes as 
close as possible to the beginning of your 
project, so that they may inform your research 
and writing throughout. As you research and 
write, you should continually refine your themes 
and develop arguments to support them. 
Proceeding in this way, you will end up with a 
cogent, well-argued report in which the various 
components will exist in strong relationship to 
each other. 

Outline and Research 

Once you have formulated your themes, you 
should begin outlining your approach and 
creating a research design and strategy. One way 
to do this is to dissect your themes into their 
component parts, leaving you with a small group 
of sub-themes that will contain the evidence to 
support and nuance your larger argument. Each 
sub-theme will make one or more points that 
contribute to your overall interpretation of the 
site and/or technology. Submit your themes and 
outline to the HAER staff by the appointed time. 
They should be returned to you within a week 
with comments and suggestions for proceeding. 
In the meantime, begin your actual research. 

Research should be driven by your themes, 
outline, and research design. Historical records 
are not evidence until brought to bear on a 
specific problem or question; in short, the 
evidence is what you make of it. This may mean 
that some obvious records—weekly narratives in 
a trade journal that describe an event in the plant 
you are studying, for example-may be 
enjoyable to read and offer a relatively well-
defined historical snippet, but may have no 
bearing on the larger themes you have 
established for your project. On the other hand, 
the most arcane source-the piece of data or 
information that reveals the broader significance 
of a new technology, for example, or some 
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physical feature of the site itself—could reshape 
your themes and add new weight to the outcome 
of your project. 

Some of the more important sources that are a 
good starting point: 

• Company records provide some of the 
most detailed information for specific 
industrial and engineering sites. These 
include a wide range of materials-
engineering drawings and reports, payroll 
records, time study sheets, annual reports, 
photograph collections, minutes from 
board meetings, etc. If it is an operating 
concern, assure the company of the 
historical nature of your research and 
scrupulously avoid any material that may 
compromise current operations. 

• Construction records for the national parks 
are often held by the park offices. Another 
good source of documents for the national 
parks is the Technical Information Center, 
Denver Service Center, P.O. Box 25287 
(12795 W. Alameda Parkway), Denver, 
CO 80225-0287. 

• Trade and manufacturers catalogs, such as 
those for pipe foundries and bridge 
companies, can yield important technical 
information, such as dimensions for bridge 
trusses. 

• Sanborn Fire Insuueance Maps- copies of 
these maps can be found in local 
government or municipal agencies and 
local archives. 

• U.S. Census of Manufactures, particularly 
those published for 1880, 1890, and 1900, 
contain in-depth reports written by experts 
on special industries, power and 
machinery. 

• Reports by state bureaus of industry—these 
will go by different titles depending on the 
state—also contain lengthy treatments of 
special industries and industrial processes. 

• Annual reports of the Commissioner of 
Labor—the seventh, for example, details 
cost of production for textiles and glass, 
and the eleventh treats regulation and 
restriction of output. Other published 
reports of various government agencies, 
such as those of the U.S. Tariff 
Commission, the Department of 
Commerce, may also be useful. 

• Records of the U.S. Patent Office provide 
both illustrations and written descriptions 
of significant engineering achievements 
and industrial processes. They are indexed 
by year and can be used with a microfilm 
cartridge system. Patent records can be 
also be looked up through computer 
access. 

• Journal articles are invaluable, but often 
difficult to access since many did not 
produce their own indexes. The best tool 
for tapping into this source is the 
Engineering Index, (NY: Engineering 
Index, Inc.), 1890 ff. 

• Trade publications, such as the Commoner 
and Glass Worker, Iron Age, etc., also 
contain significant information, but rarely 
were indexed. 

• Contemporary engineering and industrial 
texts, handbooks, and manuals will not 
only contain detailed descriptions of a 
variety of industrial processes, but are 
usually copiously illustrated. 

• Relevant scholarly secondary sources, 
particularly monographs, will often 
provide important interpretive materials 
and detailed bibliography. 

• Local newspapers should be consulted 
only for targeted dates, since they are time-
consuming and laborious to use. 

• Vertical files in local historical societies 
and libraries can be time-saving resources, 
often consolidating items from local papers 
and other difficult-to-access sources. 
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Use the following formats for sources 
referenced in footnotes and bibliographies: 

B:= Bibliographical reference 
N:= Footnote reference 

Sanborn Maps: 

B: Sanborn Map Company, Connellsville. 
Pennsylvania. New York: Sanborn Map 
Company, 1886, 1891, 1901, 1914, 1924. 

N: Sanborn Map Company, Connellsville, 
Pennsylvania, (New York: Sanborn Map 
Company, 14386, 1891, 1901, 1914, 1924). 

HABS/HAER individual histories: 

B: U.S. Department of the Interior, Historic 
American Engineering Record (HAER), 
No. UT-79, "Dewey Suspension Bridge," 
1993. Prints and Photographs Division, 
Library of Congress, Washington, D.C. 

N: U.S. Department of the Interior, Historic 
American Engineering Record (HAER), 
No. UT-79, "Dewey Suspension Bridge," 
1993, p. 3, Prints and Photographs Division, 
Library of Congress, Washington, D.C. 

United States Geological Surveys (USGS) 
maps: 

B: U.S. Department of the Interior, Geological 
Survey. Comite Quadrangle: Louisiana-
East Baton Rouge Parish, 7.5 Minute 
Series. Washington, D.C: Government 
Printing Office, 1971. 

N: U.S. Department of the Interior, Geological 
Survey, Comite Quadrangle: Louisiana-
East Baton Rouge Parish, 7.5 Minute Series 
(Washington, D.C: Government Printing 
Office, 1971). 

National Register of Historic Places listing: 

B: Bradley, Martha and Allen Roberts. "Utah 
Southern Railroad Depot," Grand County, 
Utah. National Register of Historic Places 
Registration Form, 1994. U.S. Department 
of the Interior, National Park Service, 
Washington, D.C. 

N: Martha Bradley and Allen Roberts, "Utah 
Southern Railroad Depot," Grand County, 
Utah. National Register of Historic Places 
Registration Form, p. 7, 1994, U.S. Depart
ment of the Interior, National Park Service, 
Washington, D.C. 

First Draft 

This is probably the most important part of your 
project. Though your themes may be well-
formulated and your outline finely-tuned, the 
proof that they work is in the writing. The first 
draft is the place where you actually begin to 
work out the real meaning of your evidence. It is 
here that you begin the process of verifying your 
themes—discovering how solidly your 
arguments support them and modifying them to 
reflect the subtleties that each individual case 
study brings to the broader historical record. 

HAER cautions all researchers to leave ample 
time for writing and rewriting. The temptation is 
great to continue research as long as possible, 
and forever to search for more and more data. 
Sifting through the evidence and weighing its 
importance almost invariably takes more time 
than you initially allocate. Prepare for this: set 
aside time every day to summarize your findings 
in a page or two; write logical sections of the 
report as you complete research on them; or 
adhere to a fixed schedule with firm deadlines 
for stopping research and beginning to write. 
HAER encourages you to scrutinize your own 
writing and editing abilities. How fast can you 
write? Just how rough is your first draft? How 
much time will you need to go through other 
drafts until you are satisfied with your work? 
Decide how much time you realistically need to 
write your report, and insure you make that time 
available. 
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REMINDER: Keep in mind that your time 
also will be in demand by architects who may 
need assistance throughout the project inter
preting the site and developing text for 
drawings. 

Second Draft 

You should receive comments on your first draft 
from the HAER staff within a week of 
submitting it. In the interim, you might want to 
continue researching, plugging holes and filling 
gaps that became apparent during the writing of 
the first draft. Once the comments arrive, read 
them thoroughly and see if you agree with them. 
Remember, dialog is important. 

Your second draft will be a rewrite of the first. It 
should contain very little new material; rather, 
it will involve polishing your prose and perhaps 
rephrasing or restructuring parts of your report. 
Once the rewriting is complete, you should print 
a final copy. It should be neatly prepared 
according to the guidelines in this manual and 
be totally legible, spell-checked, and edited for 
punctuation and grammatical errors. You must 
also submit a copy diskette for the HAER office. 

The HAER staff will edit your second draft after 
the project is finished. We hope this is never a 
major task, but be aware it often involves 
recasting sentences that need work. 

REMINDER: Your manuscript ultimately 
will go to the Library of Congress with your 
name on it, and it also will be sent to project 
cosponsors and to any other interested parties 
who request a copy. A HAER report reflects 
the author's professionalism. 

Schedule. To assist you in completing your 
project on time, HAER has established a series 
of deadlines for submission of the different 
components of the historical report. THESE 
ARE NEITHER OPTIONAL NOR 
FLEXIBLE. Components will be submitted by 
the end of the week specified. 

Your HAER supervisor in the Washington 
office should read, critique and return your work 
to you within a week of receiving it. 

Specific Guidelines 

Some of the guidelines specified below may 
seem pedantic, but HAER asks you to keep in 
mind that your documentation will ultimately be 
transmitted to the Library of Congress, Prints 
and Photographs Division (LC), to be held in the 
HAER collection. The LC and HABS/HAER 
have cooperatively established a stringent 
methodology of categorization to ensure that the 
entire collection will be easily accessible to all 
researchers. Consistency throughout the 
collection is necessary to achieve this end. As 
such, do not become creative with the basic 
format as shown in the American Window Glass 
Company example in section 2.10. This pertains 
particularly to the title page and headers. If you 
are dealing with an addendum to a previous 
project or a complex containing multiple 
structures, be sure to read relevant sections in 
the transmittal guidelines. If you have further 
questions about formatting, ASK! ASK! ASK! 
Collections Management at the WASO office 
will be able to provide you with a copy of 
HABS/HAER Guidelines: Transmitting HABSI 
HAER Documentation which covers every 
intricacy of HABS/HAER format and 
transmittal procedure. 

• The second draft must be submitted to 
your supervisor at the Washington HAER 
office at the close of the project in two 
media: paper and electronic (diskette). 
Both must be prepared using 
WordPerfect® 5.1 (or latest upgrade 
specified by HAER) on DOS computers. 

• The manuscript should be printed in 
C o u r i e r 12 point font (10 c.p.i., or 
characters per inch), double-spaced on one 
side of 8-1/2" x 11" white bond, left 
justified, with 1" margins all around. Do 
not confuse 12 point font with 10 
characters per inch and conclude you can 
use 10 point font—point size and c.p.i. are 
not the same. After editing at WASO the 
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report will be printed on archival bond 
paper. 

established HAER conventions and be 
consistent in their use. 

• All reports must use footnotes according to 
standard academic practice. Footnotes 
should follow the form indicated in Kate L. 
Turabian, A Manual for Writers. USE THE 
FOOTNOTE FUNCTION IN 
WORDPERFECT. Do not use punctuation 
after a superscript note when creating 
footnotes. In addition to using notes to cite 
references, consider them for explanatory 
purposes —to define technical words or to 
explain the operations of machinery, etc. 
Also, information that you want to 
preserve in the report, but which does not 
fit well into the main body of the text, may 
be incorporated into the notes. You will 
have to use your judgement to maintain 
balance between text and note content. Use 
headline style when citing titles in notes 
and sources in notes. Use the method of 
shortened references cited in Turabian, 
Method A (9.136) after the work has been 
cited in full form, (last name, shortened 
title, and page reference). 

• A list of Sources Consulted should follow 
the notes. See Turabian for proper form. 

• On the title page and in headers, do not 
separate the record name from secondary 
names with a slash. Center all secondary 
names below the record name. Always use 
upper case for name in title and header. 

Incorrect: 
(Thomas Hale H i g h w a y / S t a t e Route 

1 6 5 ) 

Correct: 
THOMAS HALE HIGHWAY 
(State Route 165) 

Grammar and Punctuation. There are many 
common confusions for terminological 
definitions, formats, spellings, and dates that are 
particular to architectural and engineering 
history. Be sure to review this section for 

The standard reference guides used by HAER 
for grammar and punctuation are the Chicago 
Manual of Style and A Manual for Writers 
(Turabian, 5th edition). In addition-and 
sometimes in exception—to these references, 
there are addition matters of style germane to 
architectural and technical subject matter. 
HAER specifications are indicated below in 
bold face Courier. Remember, above all be 
consistent. 

YEARS: 

1930s 
no? Thirties, and never 1930's using an 
apostrophe 

1850 -60 , 1850-1940 
do not repeat century unless it changes; 
always include the decade, i.e. 1850-57, not 
1850-7 

f i r s t q u a r t e r of t h e n i n e t e e n t h 
c e n t u r y 

not first quarter of the 1800s 
s p r i n g 1888, December 1900 

do not use a comma, as in "December, 1900," 
or "December of 1900" 

DATES: 

July 4, 1776, was a great day. or 
4 July 1776 

either is acceptable; note comma after the 
year 

c a . 1850 
not c. or circa written out 

NUMBERS and NUMERALS: 

Numbers/numerals: All numbers from one to 
ninety-nine are written out; 100 and above are 
cited as numerals, except in the case of ages, 
street numbers, dimensions, and millions. 

14 



For example: 

"In 1850-60, an estimated 
forty-seven miners traveled 
more than 650 miles across the 
western states. Many did not 
live past the age of 40, 
although one 89-year-old man 
lived into the twentieth 
century. He lived at 37 Gold 
Rush Ave. The frame dwelling 
was a 10'-4" x 12'-0" space 
and cost only $577.00 when the 
old man bought it in December 
1898, yet legend says he was 
worth $2 million." 

the nineteenth century 
the eighteenth century 
but: 

nineteenth-century dogma 
not 19th century or 18th-C (see hyphenations 
below) 

Percent: 
0.7 p e r c e n t 
50 p e r c e n t 

always use a numeral, and only in a chart/ 
graph may "%" be used 

Money: 
$ 5 . 8 7 , $ 2 4 . 0 0 , $ 2 4 . 2 5 , $234 .98 
1 c e n t , 10 c e n t s , 99 c e n t s 

do not write out dollars, except when using 
millions (e.g. $ 5.87 million); always use the 
00 decimals if there are no cents. 

Dimensions: Measurements and dimensions are 
never written out, they always appear as 
numerals, and feet or inches are always 
indicated using technical symbols, with two 
types of exceptions. 

For example: 

12'-6" x 9'-0", the bathroom 
is 5'-0" x 4'-0-3/4", and the 
kitchen is only about 8' 
square. The second-story space 
has been remodeled into two 
equal-sized 12'-0"-wide rooms 
with four large windows that 
measure nearly 5' tall." 

2 0 ' - 6 " x 1 8 ' - 0 " , 6 ' - 3 - 1 / 2 " 
use a lower case x, not "by" 
use apostrophes and quotation marks for feet 

and inches, respectively 
hyphenate all feet and inch numerals, and 

any fractions 
indicate an even foot measurement with -0" 
NOTE: when punctuating dimensions, 

commas fall outside the inches/feet marks: 
The p l a n k s m e a s u r e d . . . 1 0 ' -
6 " , 5 ' - 2 - l / 4 " , and 2 ' - 0 " , 
f o r a t o t a l . . . 

do not use cntr-V codes for fractions; type 
the numerators and denominators out with 
slash marks: 1/2, 3/4, etc. 

exception 1: 
10 c u b i c f ee tand 
10 s q u a r e f e e t not 10 cubic' 

exception 2: approximate measurements do 
not require the -0": i.e., 

The t h r e e s t o r e f r o n t s a r e a b o u t 
2 0 ' wide and 4 0 ' d e e p . 

Streets/Addresses: 
222 P a c k a r d S t . 

capitalize and abbreviate street, avenue, 
boulevard, etc., but not short items such as 
road or lane, when the number prefaces the 
street name 

Sam l i v e d on P a c k a r d S t r e e t , 
write out and capitalize street when no 
number is given 

"Two f a m i l i e s l i v e a t 333 
T h i r d S t . , which i s t h e 
h i s t o r i c town l o t No. 14 6. The 
Byrnes l i v e on t h e f i r s t 
f l o o r , where t h e bedroom i s 

I t i s a t t h e c o n f l u e n c e of 
P a c k a r d and M i l l s t r e e t s , 

when two proper names (also true of 
companies, rivers, etc.) are listed, do not 
capitalize street 
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The houses surveyed are No. 15 
and No. 2 7 Mill Street. 
The deed c i t e s l o t No. 146 . 

"number(s)" is always capitalized and 
abbreviated as No. or Nos. (Also: "LaSalle, 
Illinois, is a No. 1 town.") 

I n t e r s t a t e 66 
U . S . 3 0 o r Route 3 0 

write out and capitalize "interstate" on first 
reference, subsequent references are 
abbreviated, i.e., 1-66 

Capitalization: U.S. government, U.S. 
Department of the Interior, U.S. exports..., the 
U.S. Army; write out "United States" when it is 
the noun, but not when it is an adjective; do not 
place a space between U. and S., i.e., 
U.S. 

Acronyms: Write out the complete name on first 
reference, putting the proper name's parentheses 
afterward; thereafter use the acronym only. 

For example: 
"The U.S. Department of 
Agriculture (USDA) and Society 
of Architectural Historians 
(SAH) have an agreement to 
study barns in the United 
States, but the SAH thinks 
little of such an 
investigation; . . . to study U.S. 
barns... 

Technical abbreviations: do not abbreviate 
technical terms unless spelled out at first 
reference. 

For example: 

revolutions per minute (rpm) 
horsepower (hp) 

Hyphenations: many phrases are clarified when 
augmented by a hyphen; the following 
architectural terminology is clarified by 
employing the general rules of hyphenation: 

1. in general, hyphenate an adjectival 
construction, one which precedes the subject 
and modifies it 

2. in general, do not hyphenate an "ly" word 
with another word, including "federally" 

3. do not hyphenate "late" or "early" before a 
century 

one-over-one-light double-hung sash: write out 
the numbers, not 1/1 double-hung sash 

bird's-eye view, bull's eye window 
load-bearing brick wall; but the brick wall is 

load bearing 
stained-glass windows; but the windows 

contain stained glass 
side-hall and center-hall plans; but the house 

has a center hall 
rough-cut stone 
five- and seven-course bond (note division 

form in a series); but American bond is 
laid in five or seven courses 

single-family and multi-family dwelling 
gable-end chimney; but the chimney is on 

the gable end 
side-gable roof 
canal-era, Civil War-era structure (not Civil-

War-era) 
bead-and-reel molding; the molding motif is 

bead and reel 
standing-seam (metal roof) 
nineteenth-century lighthouse; but do not 

hyphenate a "late" or "early", i.e. a late 
eighteenth-century springhouse 

cold-blast furnace 
cast-iron bearing shoe; but the bearing shoe 

is cast iron 
wrought-iron rod; but the rod is wrought 

iron 
Palladian-style,...a Mission-style roofline; 

append "-style" to an established 
architectural term if your subject is 
reminiscent of the original but not an 
example of the actual model; this is not to 
be confused with proper names such as 
International Style, which take capital 
letters and would not be hyphenated 
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Spellings, single word: 
beltcourse, stringcourse 
courthouse 
gristmill, sawmill; but steel mill 
hoodmolds 
Neoclassical (not neoclassical or Neo

classical) 
sidelights 
wraparound porch 
powerhouse, but power plant 
jerkinhead (roof) 
latticework 
whitewash 
beehive (oven) 

Spellings, two words: 
row house 
bell tower 
concrete block, concrete-block base 
main line 
water table 
(Further help: consult Cyril M. Harris, 

Dictionary of Architecture and 
Construction, New York: McGraw-Hill 
Book Co., 1975.) 

grouped into a frame are sash; fenestration 
indicates a number and arrangement of 
window openings in a facade 

L-plan vs. ell 
buildings take the form of T-plans, H-
plans, and L-plans for their resemblance 
to those letters; and "ell" is the wing or 
block, usually a rear add-on, that is the 
three dimensional version of the wing 
indicated on the L-plan 

molding vs. moulding 
in England carved mouldings are 
commonplace, but in America, we use 
moldings 

mantel vs. mantle 
a mantel is the structural support above 
and the finish around a fireplace; a mantle 
is an outer wall of casing composed of a 
separate material than the core apparatus, 
as in a blast furnace, and it is the feature 
on a gaslight from which the flame 
emerges 

Clarifications: 
facade vs. elevation 

a facade is the wall of a building; an 
elevation is a drawing of that wall 

interior vs. inside; exterior vs. outside 
interior and exterior connote defined 
boundaries, while the others are 
nonspecific 

concrete vs. cement 
cement is the dry mix that water et al. is 
added to in the making of concrete 

storefront 
the first floor only of a commercial 
structure, not the entire front facade 

glazing, light, panes, sash, windows, 
fenestration in architectural parlance, 
windows can be described in general as 
glazing; units of window glass before 
installation are panes—once installed, 
glazing units are lights, not panes; lights 

cinder block vs. concrete block 
cinder block is made with a lightweight 
cinder aggregate and is widely used for 
interior partitions; concrete block is 
heavier, stronger and used in structural 
walls 

wood vs. wooden 
wood is wood, or frame; wooden may be 
hard, durable, and stiff like wood, but it is 
not necessarily wood (this principle also 
applies to oak vs. oaken, etc.) 

historic vs. historical 
historic is the adjective used to denote 
something that is old and presumably 
important, i.e., historic preservation, historic 
building fabric; historical is the adjective 
used when the subject relates to history, i.e., 
historically significant house 

lath vs. lathe 
lath is a strip of wood used as the 
groundwork for plaster, as applied to 
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walls (plural, laths); a lathe is a machine 
tool for shaping circular pieces of wood 
or metal 

2.5 FIELD RECORDS 

Historians' notes are the property of HAER. At 
the end of a project, your notes should be put in 
order and placed in manila file folders. After 
WASO has edited and transmitted your report, 
your notes will be transmitted to an archive 
close to the project site, or given to the project 
cosponsor. 

2.6 CLOSEOUT PRESENTATION 

It is the practice of HAER recording teams to 
share the results of their documentation efforts 
with project sponsors, local interested 
organizations, residents of the community in 
which they worked and with former employees 
of the site they documented. To illustrate the 
presentation, it is particularly important for the 
historian to make slides throughout the project 
that demonstrate important aspects of the site, its 
engineering features, technology, and the 
process of their documentation. 

2.7 LAST DAY OF YOUR PROJECT 

On the final day, HAER will expect the 
following: 

1) diskette(s) 
2) hard copy printout 
3) notes 
4) large format photo captions on 

diskette 

All these materials must be hand-carried back to 
the WASO office by the HAER project leader. 

2.8 DATA ENTRY SHEETS (DES) 

An ongoing task of the historian is the 
completion of the data entry sheet. The DES is 
the basis of categorization for the project and 
should be continually referred to or updated as 
necessary. A DES must accompany every 
structure recorded and should be sent to the 

WASO office with the completed data. 
Historians and architects should refer to the DES 
when labeling text, drawings or any other 
documentation. EVERY PIECE OF 
DOCUMENTATION MUST BE LABELED 
WITH THE RECORD NAME AND HAER 
NUMBER IN EXACTLY THE SAME WAY 
IN EVERY INSTANCE (including headers 
and title blocks). Do not abbreviate the record 
name in any way once it has been firmly 
established. See Transmitting HABSIHAER 
Documentation for further instructions. 

The information on the DES is essential for 
updating the Library of Congress/HAER 
database. Accurate names, numbers and dates 
are necessary to conduct computer searches 
throughout the collection. The information on 
the reverse side of the DES is particularly 
important for this purpose. Please keep in mind 
the needs of future researchers when completing 
the form. 

In the following examples, only those fields that 
must be completed by field historians have been 
described; others have been deleted. For the full 
text, you may request a copy of HABSIHAER 
Guidelines: Transmitting HABSIHAER 
Documentation from your project leader. 

Addenda. Before beginning, be sure to check 
with your project leader for previously 
transmitted materials on the same site. If the site 
has already been documented and additional 
materials will be completed for it, label the DES as 
an addendum in the upper left hand corner and 
consult your supervisor for further instruction. The 
format for an addendum to written data is 
slightly different from the basic format 
described below. Also ask your supervisor 
regarding an addendum with a change in record 
name or location, or refer to the Transmittal 
Guidelines for specific instructions. 

Pay special attention to the fourth line record 
name described under section 9-10. This 
category may be used to classify related 
structures and sites, such as roads, bridges, and 
historic districts. Consult your project leader for 
specific cases. 
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Sites which cross city, county or state lines will 
require an additional reference DES. See your 
supervisor for instruction. 

To complete DES see list below, and Figs. 2.2 
and 2.3: 

1. Control Number: 

Enter two-letter state code, no hyphen, then 
four-digit number (assigned by WASO). 

4. HAER Number: 

Enter two-letter state abbreviation, a hyphen, 
and the appropriate number (assigned by 
WASO). 

5. State: 

VIC. Do not exceed 20 spaces. Use uppercase 
letters. 

9-10. Record Name 
and Secondary Names: 

Enter the exact structure or site name as 
recorded in the documentation. Always use 
upper and lower case letters. 

If name exceeds 50 characters, indent two 
spaces and continue on the next line. If this 
occurs, do not hyphenate or split a word in 
the name; when possible, divide the name at a 
comma or other punctuation. 

Always space once after a period; do not 
space after a comma, hyphen, colon, or semi
colon. Never use a slash. 

Enter two-letter state abbreviation. 

6. County 1: 

Always use an ampersand (&) instead of 
""and". Space once before and once after an 
ampersand. 

Enter county name. 

NOTE: For shelving purposes at the Library of 
Congress, only one county can be recognized 
as the location of a structure. Therefore, if a 
site or structure extends into two or more 
counties, select an official location and enter 
its name here. 

7. County 2: 

If a site or structure extends into two or more 
counties, enter the code and county name of 
the alternate, i.e. unofficial, location here. On 
occasion, this unofficial location will actually 
be where the structure is physically located. 

NOTE: Each unofficial location must have a 
separate DES completed which references the 
official location in the address field (see 11. 
Address). On the unofficial DES enter the 
county codes and names in reverse order from 
the official DES. 

8. City/Town: 

Spell out appropriate city, town, or vicinity. 
Vicinity should be abbreviated 

Always use *'No." instead of "#". 

Always space once before and once after 
parentheses. 

If possible, always write out name in full. 
Abbreviate only if not enough space. 

Exceptions: Always abbreviate the following: 

U.S. for United States 
St. for Saint 

Address as Name: 

Enter the address first, followed by the 
building use in parentheses. For example: 

601 Elm Street (House) 
504 North Main Street (Commercial 
Building) 

The address must be followed by a 
parenthetical notation which identifies the 
use. 
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When the address is used as a Record Name, 
do not repeat it under 11. 

Address. 
If there is no specific number, but only a 
block, enter the street name first-e.g. 

Main Street, 500 Block (Commercial 
Building) 

If there is a rural address only (e.g., route 
number), simply enter building type under 
name-e.g. House, Barn, etc. 

Always spell out Street, Road, Avenue, etc. 
Spell out North, South, East and West in 
the Record and/or Secondary Name. 

NOTE: These are always abbreviated in the 
address field (sec 11. Address). 

National Historic Site or Park: 

Always include the Park Code if a site or 
structure is designated as part of the National 
Park System. If the Record Name is different 
from the name of the park or historic site, also 
include the park or historic site name on the 
fourth line of Secondary Names. For example: 

Record Name: Marble Fork Bridge 
Secondary Name(1): 
Secondary Name(2): 
Secondary Name(3): 
Secondary Name(4): Sequoia National 
Park 

Districts: 

If the Data Entry Sheet is for the overall 
district, then enter the district name as the 
Record Name. For example: 

Record Name: Pine Crest Neighborhood 

If the Data Entry Sheet is for a structure or 
site in the district that has its own HABS/ 
HAER number, enter the structure or site 
name (or address) as the Record Name. Enter 
the district name as Secondary Name(4). For 
example: 

Record Name: Smith, Joseph, House 
Secondary Name(1): 
Secondary Name(2): 
Secondary Name(3): 
Secondary Name(4): Pine Crest 
Neighborhood 

Complexes: 

Enter the complex name, a comma, and the 
name of the individual structure, all as the 
Record Name. For example: 
East Broad Top Railroad & Coal 
Company, Machine Shop 

NOTE: If there is a Secondary Name for the 
Machine Shop indicate this as: 

Record Name: East Broad Top Rairoad & 
Coal Company, Machine Shop 
Secondary Name: East Broad Top 
Railroad & Coal Company, Building No. 2 

Descriptive Words: 

Always put "Old" after the building name. 
For example: 
Post Office, Old; or Stone Bridge, Old 

State Abbreviations: 

If an abbreviation must be used in a Record 
or Secondary Name, do not use the two-letter 
State abbreviation. To avoid confusion in the 
database, a shortened alphabetical spelling 
should be used instead. For example: 
Pennsylvania = Penn. not PA 
Connecticut = Conn, not CT 

Quotation Marks: 

Delete for proper names, but always include 
for descriptive names, e.g.-Cannon, "Old 
Abe". 

11. Address: 

If there is no address available, leave the 
space blank. 
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If the address is used as the Record Name, do 
not repeat it here. 

Always spell out numbered street names 
where possible, e.g. 502 Thirty-sixth St. 

Always abbreviate the following as part of 
address: 

Street St. 
Avenue Ave. 
Road Rd. 
Boulevard Blvd. 
Route Rt. 
Highway Hwy. 

Always spell out Saint when part of a street 
name. 

Moved Structures: 

If a structure has been moved, enter the address 
where recorded followed by a parenthetical note 
stating either "moved to" or "moved from" 
the town/vicinity name and appropriate two-
letter state abbreviation. Moved structures must 
have a separate DES completed for each 
location. The location where the structure was 
recorded is considered the "official" location. 
The DES for the "unofficial" must reference 
the "official" location in the address field. 
However, if the structure had been moved 
within a city, it is entered only once, with the 
different address following the phrase 
-moved to" or "moved from". 

DOCUMENTATION 

Always abbreviate North, South, East, or 
West when used as an adjective, e.g.— 
N.,S.,E., or W. Write out in full when used as 
a proper name. NW, SW, etc. should not 
have periods. Do not include a comma after 
the street name and before NW, SW, etc. 

Always use upper- and lower-case letters in 
the address. 

Urban Addresses: 

Enter the number and street on which the 
structure is located. If the property is 
excessively large, the streets bounding the 
property are indicated. 

12. #Drawings: 

Enter the exact number of drawings that exist 
for the site or structure here. If there are none, 
enter a zero. 

14. #Data Pages: 

Enter the exact number of written historical 
and descriptive data pages for the site or 
structure here. Do not count the Cover Sheet 
or Index to Photographs pages as written 
historical or descriptive data pages. If there 
are none, enter zero. 

21. Park Code: 

Rural Addresses: 

Be brief. Do not include mileage, UTM 
coordinate, USGS quads. Use only 
appropriate road, route, river, or other 
significant natural landmark. "Vic." may be 
used for vicinity. Do not use "comer of. 

The four-letter alpha code for the National 
Park System unit in which the structure or site 
is located, and for which the NPS has 
responsibility. This includes National Historic 
Sites. 

22. FR (Field Records), (M,P,W): 

A designator (X) indicates there are field 
records for the structure or site. An additional 
designator (M) indicates field measurement 
drawings, another designator (P) indicates 
field photos, and the designator (W) indicates 
written material. 

2! 

Bridges: 

Use "Spanning [River, Street, 
Canyon, etc.] at [Street, Highway, 
Railroad, etc.]" for address. 



26-30. Addenda: 36. HABS/HAER Notes: 

Complete only when adding documentation 
to structures previously recorded. Indicate 
only the number of current documents being 
transmitted in fields 26-30. Add numbers of 
addendum materials to corresponding 
numbers of existing materials for the site or 
structure and then total them in fields 12-15. 

NOTE: The following categories must be 
completed if the information is available. 

31. Names Associated with 
Building/Structure: 

Enter names of individuals or organizations 
associated with the building of the structure, 
either in terms of its design and construction, 
or with its history. Order of significance is: 
architect, engineer, designer, builder, etc. 

32. Building/Structure: 

The date the structure was completed, altered, 
relocated, demolished, abandoned, and/or the 
period to which the structure is primarily 
attributable. 

33. Date Codes: 

The corresponding codes (accompanying 
years) indicate: 

C = Completed 
A = Altered 
R = Relocated 
D = Demolished 
N = AbandoNed 
P = Period Attributable 

34. Building/Structure Use: 

The use of the structure as stated in the 
documentation. Include initial and subsequent 
uses. 

35. Use Codes: 

The following codes indicate: 
I = Initial 
S = Subsequent 

Reserved for HABS/HAER and/or Library of 
Congress notations regarding the 
documentation. Often used to indicate 
numbers of addenda materials and previous 
transmittal dates. 

2.9 UTM COORDINATES 

The National Park Service uses the Universal 
Transverse Mercator (UTM) Grid System to 
record geographic locations of specific sites and 
structures. UTM references should be included 
in the cover page for all reports and on the 
measured drawings prepared by the project 
architects. 

If you are unfamiliar with determining UTM 
references, consult the Appendix, Chapter 5. 
More complete instructions are in National 
Register Bulletin 28, "Using the UTM Grid 
System to Record Historic Sites." 

For a building or structure, provide the specific 
UTM reference. For large complexes, follow the 
instructions in Bulletin 28. Enter the numbers in 
the following format: 

Zone/Easting/Northing 

EXAMPLE: 

.... Quad: Estes Park, CO 

.... UTM: 13/448190/4456350 

HINT: If the site you are recording is listed in 
the National Register of Historic Places, you 
can probably obtain the UTM reference from 
the nomination form (Section 10). 

2.10 SAMPLE HAER REPORT 
EXCERPT 

An excerpt from a HAER report follows Figs. 
2.2 to illustrate the HAER format for report 
cover pages, page headers, footnotes, 
bibliography and other subjects. 
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Fig. 2.2 
Sample DES Sheet 
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CHAMBERS-MCKEE WINDOW GLASS COMPANY HAER No. PA-221 
(American Window Glass Company) 
(American Saint-Gobain) 
(Jeannette Sheet Glass Company) 
(GGI) 
Clay Avenue Extension 
Jeannette 
Westmoreland County 
Pennsylvania 

WRITTEN HISTORICAL AND DESCRIPTIVE DATA 

REDUCED COPIES OF MEASURED DRAWINGS 

Historic American Engineering Record 
National Park Service 

Department of the Interior 
P.O. Box 37127 

Washington, D.C. 20013-7127 

24 



HISTORIC AMERICAN ENGINEERING RECORD 

CHAMBERS-MCKEE WINDOW GLASS COMPANY 
(American Window Glass Company) 

(American St. Gobain) 
(Jeannette Sheet Glass Company) 

(GGI) 

HAER No. PA-221 

Location: Jeannette, Westmoreland County, 

Pennsylvania 

Date of Construction. 1888 

Fabricator: James Chambers, H. Sellers McKee 

Present Owner: GGI 

Present Use: closed (1993) 
Significance: The largest window glass factory in 

America when constructed in the 
late 1880s, the American Window 
Glass Company plant at Jeannette 
embodied the first three 
generations of window glass 
technology: the transition from 
artisanal production to Lubbers 
machine, and the replacement of 
Lubbers technology by Fourcault 
machinery. Until it closed, this 
was the last plant in North America 
using this technology. 

Historian: Richard O'Connor, August 1991 

Project Information: 

In February, 1987, the Historic American Engineering Record 
(HAER) and the Historic American Buildings Survey (HABS) began a 
multi-year historical and architectural documentation project in 
southwestern Pennsylvania. Carried out in conjunction with 
America's Industrial Heritage Project (AIHP), HAER undertook a 
comprehensive inventory of Westmoreland County to identify the 
region's surviving historic engineering works and industrial 
resources (Edward K. Muller and Ronald G. Carlisle, Westmoreland 
County, Pennsylvania: An Inventory of Historic Engineering and 
Industrial Sites. Washington, DC: U.S. Department of the 
Interior, 1994.) Archives for HAER/AIHP projects are located at 
the Indiana University of Pennsylvania. 
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CHAMBERS-MCKEE WINDOW GLASS COMPANY 
HAER No. PA-221 

(Page 2) 

CHRONOLOGY 

1888 Chambers-McKee Window Glass Company built with 
first continuous melting tank in America 

1891 James Chambers breaks with Sellers McKee and opens 
Chambers Window Glass Company in Arnold, 
Pennsylvania 

1899 Chambers forms American Window Glass Company, 
absorbing Chambers-McKee and Chambers Window Glass 
Companies 

1904 Lubbers cylinder-drawing machines installed, 
displacing skilled gatherers and blowers 

1928 Fourcault sheet-drawing machines replace Lubbers 
cylinder-drawing machines 

1958 American Saint-Gobain formed by merger of American 
Window Glass Company with Blue Ridge Glass 
Corporation, owned by Saint-Gobain of France 

1970 renamed ASG 

1978 Float, Inc. merges ASG and Fourco Glass to creat 

AFG 

1983 AFG closes Jeannette plant 

1985 Jeannette plant reopened as ESOP under name JSG 

(Jeannette Sheet Glass) 

1987 JSG enters Chapter 11 bankruptcy 

1989 General Glass International buys plant and renames 
it GGI (General Glass Industries) 

1993 GGI closes Jeannette plant 
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Introduction 

During the summer of 1991, the Historic American Engineering 
Record (HAER) conducted a three month study of the flat glass 
industry1 at Jeannette, Pennsylvania, a community of ten 
thousand residents in Westmoreland County, approximately 30 miles 
east of Pittsburgh. Jeannette has been a "Glass City" for over a 
century, its workers turning out tablewares, containers and 
novelties in addition to window glass. At their peak, in the 
years immediately following World War II, the city's seven glass 
plants employed over 5000 men and women, but residents generally 
agree that incompetent and dishonest management squandered much 
of this industrial inheritance.2 Until 1993, one of the two 
factories still in operation was the General Glass Industries 
(GGI) window glass factory, the most recent successor to the 
Chambers-McKee Window Glass Company (C-M), one of the town's 
first plants. GGI operated the last Fourcault sheet drawing 
process in North America. 

1Between 1889 and 1940, window glass was a subcategory of 
the flat glass branch of the glass industry, devoted primarily to 
providing glass for construction and furniture. On the basis of 
technology and markets, the industry was divided into two major 
branches, plate and window. Plate glass was cast, ground and 
polished in discrete operations, in thicknesses ranging from 
seven sixty-fourths of an inch to one and one-half inches. Its 
primary markets were automobiles, mirrors and tabletops, and 
storefronts. The second branch, and the subject of this study, 
was common window glass. Known as cylinder, crown and sheet 
glass (after various production processes,) by the early 
twentieth century window glass consisted of three types: thin 
glass (lantern, microscope and photographic dry plate glass); 
common window glass (window and door glazing); and crystal sheet 
(automobile replacement glass, show cases, table tops.) During 
the nineteenth century, and especially before the production of 
plate glass in America became commercially viable, residential, 
commercial and industrial glazing were the end uses, and the 
economic vitality of the window glass industry reflected the 
general health of the construction industry. United States 
Tariff Commission, Flat Glass and Related Products, 2nd Series, 
No. 123 Washington: GPO, 1937; p. 79. 

2Steven W. Keller, "Working in 'the Glass City': The Making 
and Shattering of Jeannette, Pennsylvania, 1888-1991," Field 
Report submitted to Folklife Division, America's Industrial 
Heritage Project, Allegheny Highlands Heritage Center, Johnstown, 
PA, 1991. 
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The HAER documentation effort focused on three aspects of the 
window glass industry's historic legacy in Jeannette. Founded 
in 1888, C-M contained the first continuous melting tank furnace 
in the United States, a qualitative break from traditional pot 
and furnace melting technique. Rebuilt over twenty times since 
then, the tank stands today in the same place as the first one 
over a century ago. Second, each of the three different glass-
shaping techniques used at Jeannette during the past century— 
the hand process (1888-1904); the Lubbers cylinder process (1904-
1928); and Fourcault sheet machine process (1928- )—represents 
an era in the industry's technological history. The innovative 
continuous tank notwithstanding, Chambers-McKee still depended on 
skilled craftsmen to turn molten batch into lights of glass, and 
thus continued the industry's artisanal production traditions. 
In 1904, five years after Chambers-McKee joined the American 
Window Glass Company trust, the company replaced blowers and 
gatherers at Jeannette and the rest of its factories with the 
revolutionary Lubbers cylinder drawing process. It retained the 
cylinder process for nearly a quarter century before the superior 
quality and efficiency of sheet glass production confronted the 
AWGC with the difficult choice between bankruptcy or substituting 
sheet for cylinder machinery. The Fourcault machines installed 
in 1928 are still making glass today, albeit rebuilt and modified 
many times in the intervening years. Thus, from a historical 
perspective, the Jeannette window glass factory's technological 
significance rests on its innovations (continuous tank and 
Lubbers process), its persistence (Lubbers in the 1920s and 
Fourcault today), the variety of its technological experiences, 
and the site's current integrity. 

The history of technological innovation at Jeannette complements 
the conventional wisdom on late nineteenth and early twentieth 
century American industrial development. During this period, 
historians argue,3 a "second industrial revolution" spread from 
older manufacturing centers to their rural hinterlands, creating 

3Ronald Schatz and James Barrett place their studies of 
electrical and packinghouse workers in the context of a "second 
industrial revolution." Ronald Schatz, The Electrical Workers 
(Urbana, IL: Univ. of Illinois Press, 1983), pp. 3-4; and James 
R. Barrett, Work and Community in the Jungle (Urbana, IL: Univ. 
of Illinois Press, 1987), pp. 2-3. There is ample historical 
evidence to support the concept. See, for example, Harold G. 
Vatter, The Drive to Industrial Maturity (Westport, CT: Greenwood 
Press, 1975) ; Alfred Chandler, The Visible Hand (Cambridge, MA: 
Harvard University Press, 1977) ; and Martin J. Sklar, The 
Corporate Reconstruction of American Capitalism, 1890-1916 
(Cambridge: Cambridge University Press, 1988). 
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satellite communities whose economic vitality came from new 
manufacturing industries like electrical equipment and 
automobiles, and from heat-using process industries like steel, 
glass and chemicals. Based on new sources of power—coal, coke, 
gas, oil and electricity, and more sophisticated technologies— 
industries of the "second industrial revolution" were more 
concentrated and their firms larger and better financed than 
others, railroads excepted. But what of the anomalies displayed 
by older industries like glass that were rapidly transforming 
themselves to the new model? Unlike electrical equipment, 
automobiles and telecommunications, glass was an old commodity 
with deeply ingrained artisanal production traditions, including 
a customary knowledge of its behavior and properties that was 
widely diffused among tradesmen but relatively unknown to the 
companies. Again, unlike the products of the newly developing 
industries, glass did not lend itself to laboratory 
experimentation because the greatest difficulties encountered in 
its manufacture occurred in the scale, volume and heat of factory 
production, conditions not easily replicated in the laboratory.4 

For glass and other older industries to join the "second 
industrial revolution," they too, like electrical equipment and 
chemicals, needed large amounts of capital and exploitable, 
patentable technologies. But they also had to overcome 
entrenched craft and entrepreneurial traditions that influenced 
their transformation in every respect.5 

Background 

Well into the 1880s, production of window glass took place much 
as it had for a century past. Still sensitive to the cost and 
availability of adequate fuel, manufacturers continued to locate 
and relocate in regions where coal and/or natural gas were 
plentiful, obtainable, and cheap, and near major transportation 
arteries. Increases in the scale of production and the division 
of labor notwithstanding, old manufacturing methods continued: 
batch was still melted in pots inside furnaces, and craftsmen 

4Liddell notes the difficulty of applying the results of 
laboratory experiments to factory conditions. Liddell, 
"Science," p. 128; on the other hand, Fcurcault purportedly used 
hot wax and a small-scale model to demonstrate his sheet drawing 
process. Glass Industry, Vol. 2, No. 8 (August, 1921), pp. 190-
1. 

5Including traditions of secrecy and "the mutual distrust 
between glass men and scientists." Liddell, "Science," pp.114-
23. 
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still shaped the viscous mass into lights of glass. The 
remarkable stability in firm size, technology and skill was both 
cause and effect of strong, deeply-rooted subcultures of workers 
and manufacturers, typified by family and financial linkages 
among firms and by the strength of kinship, custom and 
organization among workers. It was this nineteenth century world 
that the Chambers-McKee factory helped transform.6 

Tremendous demand for fuel and transportation shaped the 
geography of production among heat-using process industries like 
glass. In America, continuous glass production dated from the 
eighteenth century. Small operations by later standards, the 
earliest sat adjacent abundant supplies of sand and wood in three 
well-defined regions—southern New Jersey, central New York 
State, and the Ohio River Valley from Pittsburgh to Wheeling. As 
the population spread west, Pittsburgh increasingly became the 
industry's center and, by the 1880s, its output nearly equaled 
that of all other regions combined. 

The technology, small batch production based on the broad 
knowledge and deft skills of the blower, proved remarkably 
durable. A ceramic product, glass is the highly viscous state of 
silica, salt, lime and trace ingredients after fusion under heat 
and subsequent cooling. Until the late nineteenth century, glass 
was melted in pots inside large, rectangular furnaces. Both pot 

6The following discussion of nineteenth century window glass 
procuction summarizes Richard O'Connor, "Cinderheads and Iron 
Lungs: Window-glass craftsmen and the Transformation of Workers' 
Control, 1880 - 1905," (Unpub. Diss., University of Pittsburgh, 
1991); pp. 25-50, which contains fuller documentation. One of 
the best sources on nineteenth century glass industry is Joseph 
Weeks, Special Report on Glass, U.S. Census of Manufactures, 1880 
(Washington, DC: GPO, 1883), passim. See also the two economic 
history classics on the American glass industry: Warren Candler 
Scoville, Revolution in Glassmakino, (Cambridge: Harvard 
University Press, 1948), pp. 14-6, 30-84; and Pearce Davis, 
Development of the American Glass Industry (Cambridge: Harvard 
University Press, 1949), pp. 118-39; as well as Trevor Bain, "The 
Impact of Technological Change on the Flat Glass Industry and the 
Unions' Reactions to Change: Colonial Times to the Present" 
(Unpub. Ph.D. Dissertation, University of California at Berkeley, 
1964), pp. 20-61, 153-211; and Dennis Zembala, "Machines in the 
Glasshouse: the Transformation of Work in the Glass Industry, 
1820-1915" (Unpub. Ph.D. Dissertation, The George Washington 
University, 1984), pp. 64-66, 93-97, 132-60, 192-220. 

70n glass regions, see O'Connnor, "Cinderheads," pp. 50-79. 
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and furnace size grew during the nineteenth century, but their 
design remained standard. Fire from beneath the furnace, fueled 
by charcoal or coal and drawn upward by a strong draft, 
reverberated off the crown and onto the open pots. Furnaces 
generally contained between eight and twelve pots, and each pot 
held enough glass to provide a day's work for a blower.8 

Almost all window glass was made in family-owned firms or limited 
partnerships, companies founded on family capital with experience 
in making and marketing glass. James Chambers, a founder of 
Chambers-McKee and Jeannette, was the son of Alexander Chambers, 
founder of A.& D.H. Chambers in 1843, and Martha Wightman 
Chambers, the daughter of veteran Pittsburgh glassmaker Thomas 
Wightman. George Blair, Chambers' uncle (married to Caroline 
Wightman Blair), was a member of the Dithridge Glass Company, 
later the Fort Pitt Glass Company and the Pittsburg Lamp, Brass 
and Glass Company, which also located a large factory in 
Jeannette in the 1890s. Beside the glass firm, which he took 
over in the 1870s, James was also a partner in a Butler, 
Pennsylvania plate glass works with William Schmertz, son of 
Belle Vernon, Pennsylvania glassmaker Robert Schmertz. Such 
traditions of inter-marriage and joint business ventures had 
existed among the Pittsburgh glass manufacturing elite since the 
days of the Craigs, O'haras and McCullys in the early nineteenth 
century, and gave the region's glassmakers deep reservoirs of 
capital and experience,9 and a near spiritual reverence for 
their industrial ancestry.10 

The batch process and the small scale of family and partnership 

A good discussion of nineteenth century pot-furnace 
operation can be found in Weeks, Report, 1880, pp. 34-41. 

'"Pioneers of the Glass Industry: Brief Biographical Sketch 
of the Life of Alexander Chambers," Magazine of Western History, 
Illustrated (February, 1886) ; obituaries of James Chambers, NGB, 
4 March 1922, and C&GW, 4 March 1922; obituary of George Blair, 
NGB, 20 May 1911. Zembala notes other family lineages in 
"Machines."..", pp. 72-77. 

10The bottle and crown glass works of General O'hara in 
Pittsburgh "met with great success," wrote industrial historian 
Albert Bolles in 1878, "and it is in operation even at the 
present day, under the ownership of Thomas Wightman & Company, 
though, of course so enlarged and changed as to possess only the 
soul, and not the body, of the original works." Albert S. 
Bolles, Industrial History of the United States (Norwich, CT: the 
Henry Bill Publishing Company, 1878; p. 544. 
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enterprises constrained the size of window glass establishments. 
The vast majority of firms operated one or two ten-pot furnaces, 
although a very few had larger facilities. Robert Schmertz, for 
example, owned plants in Belle Vernon and Fayette City, 
Pennsylvania and one in Ohio. James Chambers, on the other hand, 
built additional factories near the original A.& D.H. Chambers 
works, as well as one in nearby McKeesport.11 In both cases, 
the extension of facilities meant the duplication of operations 
with few economies of scale. Each of Chambers' Pittsburgh glass 
houses—the Upper, Middle and Lower—and the McKeesport factory, 
was built and acquired at different times and all were outfitted 
for the complete manufacture of glass.12 

Techniques for fashioning lights of glass changed as little as 
the technology for melting the basic ingredients. The skilled 
blower, long the central figure in glass production, remained so 
throughout the nineteenth century. Until the 1850s in some 
places, blowers gathered their own glass on the end of the blow
pipe, shaped it into a cylinder by alternately blowing, 
reheating, swinging and spinning the pipe and gob of "metal," 
cracked the cylinder off the pipe, split it lengthwise, reheated 
and flattened it into a large sheet, and cut it into lights of 
glass.13 By 1880, a division of labor limited the blower to 
forming the cylinder, while new groups of tradesmen — gatherers, 
flatteners and cutters — performed the remaining processes.14 

Nonetheless, as Belle Vernon window glass manufacturer Robert 

11American Glass Worker, Directory of Glass Factories in the 
United States, 1885. 

12The growth of the Chambers firm can be followed in three 
volumes by George Thurston: (Pittsburgh As It Is (Pittsburgh, PA: 
W.S. Haven, 1857); Pittsburgh and Allegheny in the Centennial 
Year (Pittsburgh, PA: A.A. Anderson, 1876); and Pittsburgh's 
Progress, Industries and Resources (Pittsburgh: A.A. Anderson, 
1886) . 

13Excellent descriptions of the hand process can be found 
in: "Great American Industries," Harper's New Monthly Magazine, 
Vol. LXXXIX, No. 470, 1889, pp. 249-254; and Frank Gessner, "The 
American Glass Industry, Its History, Development and Present 
Economic Importance," Secretary of Internal Affairs, 1900: Part 
III: Report of the Bureau of Industrial Statistics (Harrisburg: 
1901), pp. 14, 25-7. 

14In addition to O'Connor, "Cinderheads...", pp. 25-50, also 
see Zembala, "Machines...", pp. 93-7, on the emergence of the 
division of labor in skilled window glass manufacture. 
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3.0 LARGE FORMAT PHOTOGRAPHY 

3.1 INTRODUCTION 

The following specifications cover equipment, 
films, processing, subjects and composition, 
photograph identification and submission of 
record photographs to HAER. Instructions to 
HAER teams for completing an Index to 
Photographs, and for numbering large format 
negatives and prints for transmittal to the Library 
of Congress are found in sections 3.8 and 3.9. 

Photography is a vital component in the 
documentary record of American industrial 
heritage. Photographs capture clearly and 
concisely visual form, structure, and detail that 
cannot be effectively recorded by the written 
word, or economically documented by drawings. 
Photography provides fast and effective 
coverage of the existing conditions of a historic 
site. Large format photographs taken for a 
HAER project are transmitted to the Library of 
Congress along with the project's written 
history and measured drawings. HAER 
photographs are in the public domain and cannot 
be copyrighted. Issues raised by photocopying 
existing photos and drawings are addressed 
below. 

Large format photography is defined in Section 
III of the Secretary of the Interior's Standards 
for Architectural and Engineering 
Documentation as photographs having negatives 
4" x 5" or larger. Smaller formats such as 2 " x 2 
" are not acceptable for submission to HAER as 
record photographs except in particular 
circumstances (they are admissible as field 
photographs-see Transmitting HABSIHAER 
Documentation for further guidance). Image 
resolution, perspective correction and archival 
handling are the reasons for these specifications. 
A properly focussed and exposed large format 
negative contains much more information and 
much finer detail than any 35mm negative. The 
sharper images achieved by large format 
photographs meet the Secretary's Standards for 
accuracy (Standard II) and clarity (Standard IV) 

better than smaller formats. The complete 
perspective correction controls provided by large 
format cameras minimize distortions such as 
keystoning, which helps photographs meet 
Standards II and IV. Large format negatives are 
also much easier to number, store and handle as 
individual images than small formats (which 
usually must be stored as film strips for use in an 
enlarger.) 

No matter how technically good negatives may 
be in meeting Standards II to IV, it is in vain if 
the images do not meet Standard I by capturing 
the valuable aspects and features of a site which 
make it historic in the first place. It is vital that 
photographers consult the HAER team and 
obtain shoot lists or completed "Photographic 
Services Request" forms. 

Large format photography is required for Levels 
I, II, and III as defined in the Secretary's 
Standards. The difference among the levels is 
due to the significance of the resource. The 
higher the significance (Level I) the more photos 
will be taken, the lower the significance (Level 
III), the fewer. 

3.2 EQUIPMENT 

The camera used must be a large-format view 
camera, no smaller than 4" x 5", no larger than 
8" x 10", having all features necessary for 
perspective and focus corrections, including 
bubble levels; 5" x 7" is the preferred format. 

No soft focus lenses should be used; Standards II 
and IV for accuracy and clarity rule these lenses 
out. You should have at least one lens of normal 
focal length, plus a wide angle and telephoto 
lenses. View camera lenses must have adequate 
covering power to accommodate both front and 
rear camera movements without vignetting. 
Aerial camera lenses should not be less than 
normal focal length. Filters are the 
photographer's choice. 
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3.3 ACCEPTABLE FILMS 

Most documentary images produced for HAER 
are black and white. For site photography, any 
fine grain continuous-tone cut (sheet) film may 
be used which has a minimum resolving power 
no less than 80 lines per millimeter high-contrast 
range and 32 lines per millimeter low contrast 
range, such As a Tri-X, Royal Pan, Plus-X, 
Panatomic. and T-Max 400 or 100. No film 
packs. 

Kodak Professional Copy Film 4125 or 
equivalent must be used for making continuous 
tone copies of photographs and graphics with 
colors and/or gray tones. It may be used for line 
drawings, but is not preferred unless contrast is 
poor. A polar-screen filter is recommended. 

Copies of line drawings or other graphics where 
colors and gray tones are absent must be made 
using Kodalith film or equivalent. 8"xl0" 
negatives are preferred. Opaquing, ruby taping 
and other forms of masking and touch-up are not 
permitted since these substances are not 
archivally stable. 

the picture area plus the clear film margin (no 
washed-white margins). Multiple copies may be 
required. 

3.5 ARCHIVAL PROCESSING 

Film and prints are intended to last 500 years. 
All film and prints shall be processed according 
to manufacturers' specifications, using fresh 
chemistry. Each step in the development process 
must be thoroughly completed with 
recommended agitation. (Developer should be 
replenished according to manufacturers' 
specifications, including limitations.) 

All film and prints must be thoroughly washed 
or treated in a hypo-clearing bath (such as 
Permawash, Heico, Inc., Delaware Water Gap, 
Pennsylvania, or equivalent) in order to remove 
all traces of processing chemicals. 

Film must be washed for two minutes before a 1-
minute soak in hypo-clearing bath, followed by a 
5-minute wash with minimum agitation. If a 
hypo-clearing bath is not available, film shall be 
washed for at least 2 hours in running water. 

WARNING: To meet Standard II. a view 
camera should not be used to copy scale 
drawings. Scale drawings should be submitted 
to a rcpro-graphics firm with a lithographic 
copy camera designed to copy scaled work 
without distortions. 

Large format color transparencies are sometimes 
taken for HAER to be used in publications, 
these images are being transmitted to the Library 
of Congress as part of a project's permanent 
photographic record. However, these are 
exceptions because of the inherent instability of 
color images. 

3.4 ACCEPTABLE PRINTS 

All prints shall be glossy on single-weight, fiber-
based paper in order to meet Standard III: RC 
(resin coated) paper or other bases will not be 
accepted. 

Contact prints, made with black (bleed) margins 
of the entire sheet of film to reveal all details in 

Procedure for treating prints in a hypo-clearing 
bath will be similar to film, however, 
photographers should test prints to find the most 
effective wash and treatment times. These will 
vary tremendously due to the variety of print 
washers and local water chemistry. If a hypo-
clearing bath is not available for prints, wash 
them for at least 24 hours in running water. 

After processing, film and contact prints should 
be tested periodically for traces of residual hypo 
(sodium thiosulfate). Visible levels above 
comparison patch #1 of the standard Kodak 
Hypo Estimator Scale (Kodak publication J-11) 
used with test kit (Kodak Cat. No. 196-5847) is 
cause for rejection of film and/or prints. Tests 
are only accurate if performed within 24 hours of 
processing. 

WARNING! Negatives and prints with visible 
hypo stains, poor focus, scratches or other 
defects will be rejected. 
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Fig. 3.1 
Photo scale (top), surveyor's stadia rod (bottom) 

3.6 TECHNICAL INFORMATION 

Aesthetic considerations are necessary but 
secondary. No vital features shall be cropped out 
or hidden by vegetation or fixed features unless 
this is unavoidable. Undesirable intrusions such 
as trash barrels, litter, bicycles, automobiles, and 
the like should be removed or concealed. If 
possible, cut and remove insignificant 
vegetation. 

Focus 

view in order to meet Standard II. A minimum of 
one view with a scale stick is required for Level 
II or Level III coverage. For general views, the 
stick should be 10 feet in length if possible, and 
at least 1 inches wide, painted in alternate black 
and white areas of one foot each; the last 12 
inches should be similarly divided into one inch 
black and white stripes. There is no prohibition 
or requirement for additional use of a metric 
scale. A less legible but acceptable scale stick is 
an extendable surveyor's stadia rod (see Fig. 3.1 
for scale stick examples). 

All areas of a photographs must be in razor-
sharp focus to meet Standards II and IV, 
regardless of the level of documentation being 
conducted. The use of a magnifier is strongly 
recommended for focussing the camera. 

Perspective Correction 

All views shall be perspective corrected to 
within 1 degree. That is, views shall be one-
or two-point perspectives, with no vertical 
convergence or "keystoning". Accurate bubble 
levels on lens and film planes will speed 
adjustments. In some cases, oblique or three-
point perspectives will be unavoidable or even 
necessary in order to record significant 
features or their interrelationships at a site. 

Scale Sticks 

For Level I coverage, duplicate views of primary 
significant features (as opposed to overall views) 
must be taken with a scale stick in the field of 

The scale stick should be positioned vertically or 
horizontally against the structure in a position 
easily visible and legible to the camera. Smaller 
scales 4 feet, 2 feet, and 1 foot in length may be 
valuable in detail views where no ready 
reference for scale exists. In any case, the scale 
stick shall be in focus and not obscure or confuse 
what is being recorded. 

Exposures 

Negatives must be correctly exposed. Thin or 
dense negatives may be rejected for failure to 
meet Standards II and IV. 

Lighting 

Sunlight is preferred for exteriors, however, light 
overcast days may provide more satisfactory 
lighting at times. Flash units or reflectors may be 
needed to cast light into shadowed areas. 
Interiors should be illuminated to reveal detail in 
shadows. 
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CAUTION: Always check for usound 
structure and flammable conditions before 
setting up. 

Every effort should be made to make 
photocopies in a studio under controlled 
conditions using polarized light. The copying of 
scaled drawings where preservation of scale and 
proportion are important should only be made by 
a reprographics firm with a lithographic copy 
camera. . 

WARNING! Photocopying of copyrighted 
material is prohibited unless written waivers to 
all rights are obtained from copyright owners 
and put on record with HAER. 

3.7 VIEWS 

General exterior and interior survey views are 
required for Levels I, II and III. Additional views 
covering significant details are required to meet 
Standard I for documentation at Levels I and II. 
Examples of such details include structural 
connections of bridges, primary machinery in 
factories and production processes, significant 
architectural details, and remains of demolished 
features. When photographing industries with 
historic operations, try to frame your views to 
encompass machinery or buildings between 
which work and materials flow, whether by 
conveyors, pipelines, railways, or other means. 
This will help better interpret the site to viewers. 
Significant steps in a production process, 
particularly where they involve historic 
machinery and buildings, should be covered. 
Give consideration to showing civil engineering 
structures in use (e.g., trains on bridges, ships in 
canals or locks) where usage highlights their 
function and doesn't obscure important details. 
Moveable structures, such as swing or bascule 
bridges, should be shot in open and closed 
positions if possible. 

Aerial views may be required to better record 
site conditions and relationships. If not using a 
cherry picker or other ground-based camera 
station, a helicopter or other suitable aircraft 
must be used at altitudes of 150 to 500 feet. 
Minimum format for aerial photographs is 4"x5". 

Standard black-and-white aerial film, archivally 
processed, is acceptable. A yellow or orange (G) 
filter is recommended for reducing haze effects. 

In many cases, your choice of views will have 
already been specified by a HAER team which is 
familiar with the site and its historic features. A 
list of desired photos will be transmitted to you 
on a "Photographic Services Request" form. (See 
Fig. 2.1 for a blank example. Instructions on the 
back of the form apply to the requester, not the 
photographer.) 

3.8 SUBMITTING PHOTOGRAPHS 

One original black-and-white negative and one 
good quality contact print of each negative 
(unless more are specified) are required. 

Place each negative in a transparent sleeve, and 
put each sleeved negative with its contact 
print(s) in a standard brown kraft paper filing 
envelope for temporary film storage. Negatives 
and prints will be transferred to archival 
containers by HAER. 

The photographer must provide separate, full, 
written identification for each image submitted, 
according to the following format: 

1) Site Name (or Record Name) 
2) Location (street address, city, county, and 

state ) 
3) Brief Description of view, including 

buildings, processes, compass orientation, etc. 
4) Day, Month, and Year of view 
5) Photographer's Name 
6) Photographer's Firm (if any) 

Shutter speeds and f-stops are not required. 

Do not write these identifications on the backs of 
prints. (Most writing media will cause the prints 
to deteriorate.) Images can be linked to the list of 
identifications by writing match numbers on the 
list and on the transparent negative sleeves. Do 
not write anything on the negatives themselves. 
Put match numbers in No. I pencil on the back 
edge of each print and on the brown storage 
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envelopes. (Use of a drawing to further pinpoint 
camera stations and show directions of views 
may be helpful; key the camera stations to the 
negative match numbers.) Lastly, write the 
complete identification of an enclosed view on 
its envelope, but remove contents before writing 
so you don't crease them. Identification is 
essential to teams or HAER staff completing an 
Index to Photographs. 

NOTE: The identifications are not the same 
things as captions written for a project's Index 
to Photo-graphs for transmittal to the Library 
of Congress. The photographer should not 
prepare an Index to Photographs (HAER 
format) unless told to do so. 

Organization 

After the photographic coverage of a site has 
been processed and reviewed, all photographs— 
whether modem images, photocopied historic 
views, or line drawings—should be selected and 
put in a logical progression prior to numbering 
and captioning. Progressions might be 
chronological (by date), exterior to interior, by 
process sequence, or even category of image 
(line drawings might be grouped together, for 
example). In general, aerial and exterior views of 
a single structure should come first, followed by 
its interiors, and then its details. Call your 
supervisor or see Transmitting HABSIHAER 
Documentation for further guidance for 
complexes with multiple structures or sub-
complexes. 

The HAER Number 

The HAER survey number for your site is the 
primary identifier for all negatives, prints, 
captions and other project materials. It consists 
of a two-letter state code abbreviation (same as 
that used by the U.S. Postal Service), followed 
by a hyphen and a project number: HAER No. 
MA-98, for example, is the number assigned to 
HAER records of the Bardwell's Ferry Bridge 
near Shelburne, Massachusetts. This number 
should always be preceded by "HAER No." in 
order to distinguish it from a HABS project with 

the same number. HAER numbers are assigned 
only by Collections Management (CMS) at 
WASO in order to avoid accidental duplication 
and consequent confusion with records of 
another site. Negatives, prints and captions are 
identified by adding a number suffix to the 
HAER number: HAER No. MA-98-1, HAER 
No. MA-98-2, etc. 

Numbering Negatives 

Negatives should be labeled with a drafting pen 
only on the glossy side, only on one of the clear 
margins, never in the image area (see Fig. 3.2). 
Use only drafting ink rated for plastics (such as 
"Pelikan FT" or equivalent). The only exception 
applies to lithographic negatives ("line" or "litho 
negs") of historical drawings. Such negatives 
usually have no margins, so a portion of the 
darkened emulsion outside the image area 
should be erased and the HAER number inked 
on the glossy side over this cleared area. 

TIP: When numbering continuous tone 
negatives, make sure the notches in the shorter 
edges are to your upper left. 

MISTAKES: Numbering errors can be 
removed from negatives using a soft cloth or 
paper towel very slightly moistened with 
rubbing alcohol. Always wipe from the 
negative interior off the negative edge. 

Negative Sleeves 

Negative sleeves for transmittal to the Library of 
Congress are made of archivally stable buffered 
paper, and come in two sizes (5" x 7" or 8" x 
10"). If your project is not supplied with these, 
leave numbered negatives in their temporary 
plastic sleeves for transmittal to HAER-the 
HAER office will transfer them to archival 
sleeves. Clear plastic sleeves need no labeling, 
but they must be removed if you put negatives 
into archival sleeves. Archival sleeves should be 
labeled only with the HAER photo number (e.g. 
MA-98-1) in No. 1 pencil (no ballpoint or 
drafting ink), or else typed (impact printed, not 
laser printed). See Fig. 3.2 for proper placement. 
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WARNING! Sleeves should never be labeled 
with the negatives inside, since creasing will 
result! 

Numbering Contact Prints 

Contact prints should be numbered with 
corresponding HAER numbers on the back side, 
on one edge only, using only No. 1 pencil (no 
ballpoint or drafting ink) on a hard surface to 
prevent creasing. See Fig. 3.2. 

Stamping and Mounting of Contact Prints 

In most cases, this will be done by the National 
Park Service. If the task is yours, however, the 
backs of all prints should be marked by a rubber 
stamp and archival manuscript ink identifying 
the image as part of the HAER collection in the 
Library of Congress. When the stamped 
information is dry, prints are mounted in 
archivally stable 8 " x 11" cards with slits cut in 
to receive print corners (glue is prohibited). 
Large 8" x 10" prints are inserted into Mylar D 
sleeves along with numbered photo mount cards. 
The HAER number is lettered with No. 1 pencil 
or impact printed in the upper right corner of 
photo mount cards, underneath the pre-printed 
heading (see Fig. 3.3). If a pre-printed number is 
not present, the heading shown in Fig. 3.3 must 
be impact printed in the corner. (Though laser 
printed data is archivally stable on paper, it has 
proven not to be so on photo mount card stock.) 

Index to Photographs 

This is the caption listing for a project's large 
format photographic images, including 
photocopies. The standard format for the first 
page of the Index appears in Fig. 3.4. Successive 
pages need only a heading in the upper right 
corner in the standard format shown below: 

Name of Project/Site 
HAER No. XX-1 

INDEX TO PHOTOGRAPHS 
(Page X) 

Captions should be descriptive, giving name of 
building, compass orientation, relative location 
on site, names of significant spaces, details, 
machinery or parts (see Fig. 3.4). Comments on 
the significance of photographed features is 
encouraged, as are cross-references to other 
photographs and photocopies, measured 
drawings, or the historical report. Identify any 
intrusions as such. 

Photocopied photographs and other graphics 
should always be identified as such in captions. 
Pertinent information such as the original 
photographer's name, date, subject, location, size 
of original photograph, sources, etc. should be 
provided. For drawings, information such as 
sheet title, delineator's or designer's name, date, 
sheet number, location of original, etc. should be 
provided. The photocopying photographer's 
name is unnecessary. Copyright waivers should 
be noted where necessary. Restricted material 
cannot be included in the project record. 

TIP: Wasteful repetition can be prevented by 
identifying all photographers and sources on 
the first page of the Index to Photographs and 
then assigning them initials to be used in 
appropriate photo captions (see Fig. 3.4). 

3.9 REQUIREMENT FOR USAGE 

All photographs and photocopies submitted to 
HAER become public domain property. 
Photographers may make duplicate original or 
copy negatives and prints for use of themselves 
or others, provided that a credit line (e.g., John 
Doe, Historic American Engineering Record [or 
HAER]) is used. 

3.10 QUESTIONS CONCERNING 
PHOTOGRAPHY 

Address questions concerning photography or 
photographic contracts to your contracting 
officer or to: 

Jet Lowe, HAER Photographer 
Jack E. Boucher, HABS Photographer 
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HABS/HAER (429) 
National Park Service 
P.O. Box 37127 
Washington. DC 20013-7127 

Express Courier Delivery: 

HABS/HAER 
National Park Service 
800 North Capitol Street. NW 
Suite 300 
Washington. DC 20001 
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Fig. 3.2 
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Fig. 3.3 
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HISTORIC AMERICAN ENGINEERING RECORD 

INDEX TO PHOTOGRAPHS 

MARSHALL SPACE FLIGHT CENTER, HAER No. AL-129-A 
REDSTONE ROCKET TEST STAND 

(Redstone Missile Test Stand) 
(The Interim Test Stand) 
(Marshall Space Flight Center, 

Building No. 4665) 
Redstone Arsenal 
Dodd Road 
Huntsville 
Madison County 
Alabama 

Photographs by Jet Lowe, Summer 1995 

AL-129-A I GENERAL VIEW OF SITE LOOKING SOUTHWEST. JUPITER "HOP" 
STAND, FOREGROUND CENTER, REDSTONE TEST STAND 
FOREGROUND RIGHT, NOVA TEST STAND BACKGROUND LEFP. 

AL-129-A-2 OBLIQUE VIEW OF THE REDSTONE ROCKET TEST STAND 
LOOKING NORTHWEST. 

AL-129-A-3 VIEW OF THE REDSTONE ROCKET TEST STAND LOOKING 
WEST. 

AL-129-A-4 OBLIQUE VIEW OF THE REDSTONE ROCKET TEST STAND 
LOOKING NORTHEAST. 

AL- 129-A-5 DETAIL VIEW OF THE STRUCTURE OF THE BASE OF THE TEST 
STAND AND THE TAIL SECTION OF A REDSTONE (JUPITER) 
ROCKET. NOTE THE FLAME DEFLECTOR BEHIND THE 
STRUCTURE IN THE FOREGROUND. 

AL-129-A-6 CLOSE-UP VIEW OF THE TAIL SECTION OF THE REDSTONE 
(JUPITER) AND THE TRANSFER ASSEMBLY. 

AL I29-A-7 DETAIL VIEW IN THE FLAME TRENCH LOOKING SOUTH INTO 
THE FLAME DEFLECTOR. 

AL-129-A-8 DETAIL VIEW IN THE FLAME TRENCH LOOKING NORTH, 
FLAME DEFLECTOR IN THE FOREGROUND, WATER PIPES AND 
VALVE ASSEMBLIES ON THE FOREGROUND. 

MARSHALL SPACE FLIGHT CENTER, 
REDSTONE ROCKET TEST STAND 

HAER No. AL-129-A 
INDEX TO PHOTOGRAPHS 

(Page 2) 

AL-129-A-9 DETAIL VIEW OF THE ROCKET TRANSFER CART. NOTE THE 
VALVE BOX IN THE FOREGROUND RIGHT WITH AN EYE WASH 
FAUCET PROJECTING OUT. 

AL-129-A-10 OVERALL VIEW OF THE SITE, INSTRUMENTATION AND 
CONTROL TANKS IN FOREGROUND, ROCKET TEST STAND IN 
BACKGROUND LEFT. 

AL-129-A-11 DETAIL VIEW OF THE EXTERIOR, EAST ELEVATION, OF THE 
INSTRUMENTATION AND CONTROL TANKS LOOKING 
SOUTHWEST. 

AL-129-A-12 VIEW LOOKING SOUTHWEST AT THE EARTH MOUND USED TO 
ENCASE THE INSTRUMENTATION AND CONTROL TANKS AND 
PROTECT EQUIPMENT. NOTE THE TEST STAND IN THE 
BACKGROUND RIGHT. 

AL-129-A-13 VIEW LOOKING NORTHEAST AT EARTH MOUND. NOTE THE 
RECTANGULAR OPENINGS USED FOR OBSERVATION 
EQUIPMENT AND PERISCOPE TOPS. 

AL-129-A-14 GENERAL VIEW OF THE INTERIOR OF THE EXTREME NORTH 
CONTROL TANK SHOWING THE REMAINING PIECES OF 
EQUIPMENT USED DURING THE REDSTONE ROCKET TESTING 
PROGRAM. 

AL- I29-A-15 DETAIL VIEW OF THE WEST INTERIOR WALL OF THE EXTREME 
NORTH (CONTROL) TANK. NOTE THE TWO PERISCOPES IN THE 
UPPER PART OF THE PHOTOGRAPH. ALSO NOTE THE CONTROL 
PANEL IN THE MIDDLE OF THE PHOTO, THIS WAS USED TO 
CONTROL THE REMOTE "FIRE-EX" WATER NOZZLES. 

AL-129-A-16 GENERAL VIEW OF THE INTERIOR OF THE CENTER 
INSTRUMENTATION AND CONTROLTANK, NOTE THE PASSAGE 
CUT TO THE EXTREME NORTH TANK. 



4.0 MEASURED DRAWINGS 

4.1 INTRODUCTION 4.2 PLANNING DRAWINGS 

The role of the architect, architecture 
technician, industrial designer or illustrator on 
a HAER project is multi-faceted. References 
to "architects" in the following pages should 
be treated as referring to anyone delineating 
HAER drawings. HAER documentation is an 
interdisciplinary effort which requires 
teamwork. The architects need the expertise of 
the historians and photographers just as much 
as these team members need the architects' 
talents; architects cannot work in isolation. 
Working with historic engineering or 
industrial sites may present architects with 
unfamiliar technologies, building structures, 
materials, and processes. Be sure you get team 
historians to properly identify site features and 
help you understand their significance and 
function. Similarly, if you discover features 
and dimensions in your field work which do 
not fit with the historic information you have 
been given, bring them to the historians' 
attention immediately. The data will fill in 
gaps, challenge certain conclusions, or 
confirm tentative hunches about the historic 
record. All team members should develop an 
open give-and-take among themselves and 
share data, discuss ideas, interpret data, and 
determine the best medium for recording 
various aspects of the site to the Secretary's 
Standards. 

To meet those standards, you must concentrate 
on documenting what is specifically 
significant and valuable about your site 
(including context), prepare your preliminary 
drawings from accurately recorded field work 
(or other verified sources), and ink your final 
drawings on archival HAER Mylar sheets so 
that the significant features of your site come 
across "clearly and concisely". (See the 
Appendix, Section 5.1 for the text of the 
Secretary's Standards.) 

Documentation is necessarily a selective and 
interpretive process, so you cannot plan a 
drawing set without having some idea what is 
significant about your site, and what 
combination of media will do the best 
recording job. The entire documentation 
package must be developed as an integrated 
whole. Your site's significance will have been 
outlined by the HAER office sufficiently to 
direct your general field work at the very 
beginning of the project. Consult all materials 
sent the team by WASO staff, and prepare to 
spend a few days examining pre-existing 
documents and exploring the site in earnest. 

Drawing Sets 

Below is a checklist of drawings—there are no 
"standardized" sets of drawings, since every 
site has its own combination of significant 
features to record, and its own peculiar 
collection of surviving records. 

• Title Sheet. This sheet always contains the 
name of the structure in bold lettering, a short 
synopsis of the site's history, site location 
maps, a site plan, and project credits. 
Sometimes a significant elevation, detail, or 
perspective view is presented. A drawing 
index is essential for large sets. More details 
are given in Section 4.7. 

• Site Plans. These should show existing site 
conditions. (Historic conditions may also be 
required.) Site plans should feature plat 
boundaries, transportation systems, influential 
geography (rivers, valleys), and significant 
site structures and services. Topography may 
need to be included, and if botanical materials 
(trees, shrubs, plants) are significant, they 
should be shown and identified by their Latin 
and common names. 
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• Historic Site Plans. A series of dated site 
plans may be needed to show the development 
of a building, industrial complex or large civil 
engineering system. 

• Site Sections. These are needed to show the 
way an industrial site or bridge was built to 
adapt to special topographic conditions. 
Relationships between buildings or functions 
at different levels can be displayed this way. 

• Floor Plans. These must show wall 
materials and openings, floor configurations 
and finishes, and significant structural 
members. Machinery, transportation routes, 
piping, line shafting, and the like should be 
included. Plans may also trace the flow of a 
process or product through a building or site. 
Cutaway plans may be used in some cases 
(such as bridges or other modular structures) 
in order to show typical internal or underlying 
structure. 

• Reflected Ceiling Plans. These show 
significant overhead architectural and 
mechanical details, such as line shafting, 
ducts, tramways, etc. They may also show 
structural systems. 

may include significant architectural details, 
such as molding profiles, cornices, columns, 
door and window cases. 

• Interpretive Drawings. Interpretive 
drawings go beyond orthographic views to 
clarify, explain and emphasize distinctive 
relationships between physical features of the 
site and its functions. Such drawings may 
range from reconstructed historical 
perspective views of a site (when no historic 
graphic views survive); exploded 
axonometrics, cutaway views, flow charts of 
industrial processes, or step-by-step 
schematics illustrating how a crucial machine 
or process functions. 

Choice of these views, or combinations, will 
be governed by the nature of your site and the 
specific features which you are recording. In 
planning a series of drawings, you must decide 
in conjunction with your team where drawings 
do the best documentary job, and where 
photographs and histories would be more 
appropriate. Expect many details of a drawing 
set to change depending on the evolution of 
historical research and field work at the site 
itself. 

• Elevations. These show the principal 
facades of a structure (but not necessarily all 
sides). 

• Sections. Sections show significant 
interrelationships among spaces and 
equipment on different floors or in relation to 
other features on site. Sections may be 
longitudinal, transverse, or even one-point 
perspectives. Sections are often jogged, that 
is, a single section plane is woven through a 
structure in order to avoid structural members 
or objects that would obscure more significant 
things in the view. 

• Details. Detail views show significant 
architectural and engineering features whose 
relationships cannot be clearly displayed at 
small scales. Details can include orthographic 
views and sections of machinery, structural 
joints, and special site conditions; they also 

Unless the WASO office has already developed a 
complementary drawing list and sheet layouts in 
advance, team architects are expected to develop 
them within the first week. 

Thumbnail Sketches 

The team should make thumbnail sketches of 
prospective drawings as thinking and talking 
points (see Fig. 4.1). As you discuss 
significant features of the resource, think 
about several ways to constructively present 
them and use the thumbnail sketches to test 
their effectiveness. 

TIP: For very complex structures, building a 
scale schematic model with cardboard, balsa 
wood, or scrap materials may be a considerable 
help to visualizing how processes operate, and 
to making decisions about documentation. It 
can also contribute considerably to team 
communications. 
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As ideas occur to the team for research, 
scheduling, and field work, jot them down on 
the sketches. Consider what you will base 
your drawings on in order to meet Standard II. 
Rigorous hand measurements and 
photography? Pre-existing drawings, historic 
photos, and published materials? Written data? 
Rectified photography? Photogrammetry? 
Electronic surveying? Disassembly of 
components? In all likelihood, you will 
depend on some combination of these sources 
and methods Annotate your thumbnail 
sketches with the collage of information you 

assemble, and begin to sort it out, and pull 
useful records. You will need to plan your 
work so that its accuracy and verifiability are 
appropriate to the significant features you are 
documenting. The whole team will need to 
check each kind of source against the others 
and with the site itself \n order to ferret out 
contradictions and agreements. (Report these 
procedures and their results in your final 
products.) You should also read the following 
sections on field measurement and 
photographic techniques to help you select and 
use the appropriate media at your site. 

Fig. 4.1 
Preliminary set of thumbnail sketches for a small drawing set 
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Fig. 4.2 
Further developed thumbnail sketch and notes for the Hardie-Tynes title sheet 

Fig. 4.3 
List of preliminary questions and sources for the Hardie-Tynes title sheet 
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SHEET TITLE: "Hardie-Tynes Manufacturing Company" 

ARCHITECT: Laura Letton 

I. Title Sheet: 
Through an illustration, maps, and written text the title 
sheet serves as the introductory sheet for the set of 
architectural drawings of the Hardie-Tynes Manufacturing 
Company. 

A. Illustration: The title sheet will show the Hardie-Tynes 
Manufacturing Company site in a two-point perspective 
north-easterly view. This illustration will show the 
site as it was circa 1912. With a tilted ground plane 
the illustration will show all of the major buildings of 
Hardie-Tynes that existed at this time. 

B. Location Maps: The title sheet will include two location 
maps. 

1. Regional Map: The first map will show a birdis eye 
view of the Birmingham area with a smaller Alabama 
State map superimposed for contextual placement. 
The Alabama State map will show the five-county 
Birmingham District. 

2. vicinity Map: The vicinity map will show a nine-
block area with the one block Hardie-Tynes site as 
the central focus. Structures at the Hardie-Tynes 
site will be identified, as well as rail lines 
which function as the connecting infrastructure for 
incoming materials and out-going products. 

c. Annotation: The illustration and maps will be titled 
with brief captions indicating what information the 
respective graphic contains as well as the source of 
materials presented. Maps will be labeled as deemed 
appropriate for clarity. UTM numbers will be indicated 
on the vicinity map. 

D. Text: The text will include a statement of significance, 
a brief history of the evolution of the Hardie-Tynes 
Manufacturing Company, and a brief explanation of the 
operations of the machine shop and foundry. The text will 
conclude with a list of credits which will include thanks 
to the Hardie-Tynes Manufacturing Company, the Birmingham 
Historical Society, the Birmingham Industrial Corridor 
Advisory Board, and/or all individuals and associations 
who will have facilitated the execution of this 
documentation project. Also included in the credits will 
be a list of names of HAER recording team members. 

Fig. 4.4 
Typed list of objectives, content, sources and annotations for the Hardie-Tynes title sheet 
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INDEX TO DRAWINGS, PHOTOGRAPHS & REFERENCES 

structure: Hardie-Tynas Manufacturing Company 

Sheet Title: "Hardia-Tynes Manufacturing Company" (Titla Shaat) 

HAER Number: AL-13 

Address: 8 00 28th Street North 

City/Town: Birmingham 

County: Jefferson 

State: Alabama 

Measured By: 

Field 
Notebook 
Number Description Date 

Al of 7 Preliminary outline, Evelyn Green JUN 1992 

A2 of 7 Half-size preliminary layout JUN 1992 

A3 of 7 Richard Anderson Red-line JUL 1992 

A4 of 7 Hardie-Tynes Manufacturing Company, JUL 1912 
Advertising Brochure 

A5 of 7 "Bird's Eye View of Birmingham," from 1989 
Designs on Birmingham, courtesy Birmingham 
Historical Society 

A6 of 7 Ownership Map (Tax Map), Jefferson County, 1976 
Alabama Department of Revenue, Numbers 
22-25-4 and 22-25-1 

A7 of 7 Aerial Photographs, Hardie-Tynes Manufacturing 
Company Archives 
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Fig. 4.5 
Architect's schedule and sources for the Hardie-Tynes title sheet 



Fig. 4.6 
Reduced view of a half-sized mock-up for the Hardie-Tynes title sheet. Note that the title 
lettering, graphics, and maps are set out. while the text is simply a visual filler copied from 
another drawing 
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Fig. 4.7 
Final inked title sheet, shown for comparison to earlier stages of development 
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Outline for Drawings 4.3 FIELD WORK 

Eventually you will arrive at a sequence of 
sketches, each covered with notes on what to 
go after on the site and in the records (see 
Figs. 4.2 and 4.3). Refine these images and 
verbal notes to produce a written outline for 
each sheet containing a statement of 
objectives, list of views to be drawn, and a 
preliminary concept of annotation (Fig. 4.4). 

Index to References 

Field work encompasses any activity which 
collects data about a site. The objective of 
field work is accurate gathering of significant 
dimensional and representative data 
(Standards I and II). It includes shooting field 
photographs and checking various records 
against the site, but it rarely involves any 
destructive investigation or archeological 
excavation. The means for clearly recording 
this data to meet Standards II- IV. 

List potential secondary sources for each 
drawing and set a written schedule for each 
architect (Fig. 4.5). 

NOTE: Don't assume the preliminary drawing 
list is ironclad-research progress may point to 
a need for further drawings, or for revising 
some of the previously scheduled ones in order 
to meet Standard I. 

Field work should be conducted according to 
the level of accuracy required, schedule, 
project budget, and the nature of the resource 
being recorded. HAER sites present 
challenges to recorders, who are often armed 
with nothing more than paper, pencils, 
cameras and hand measuring tools. 

Safety 

Half-size Layout Sheets 

Within the first two weeks of your project, 
you should develop a scale mock-up of each 
sheet. Fig. 4.6 shows a reduced example. (The 
final inked sheet is shown in Fig. 4.7 for 
comparison.) 

Production Phases 

Production of measured drawings by hand 
occurs in four overlapping phases: 
preparation, field work, preliminary drawings, 
and finished ink-on-Mylar drawings. HAER 
projects usually run for 12 weeks during the 
summer. Team size is determined by how 
many people are needed to get the job done 
within that time. 

Experience indicates you should budget one-
third of your time for field work (including 
preparation), one-third for preliminary 
drawings, and one-third for inking Mylar 
sheets. The following sections are organized 
by these phases and explain how to meet the 
Secretary's Standards. 

Few sites present openly dangerous 
conditions, however, even the safest will not 
prevent injuries stemming from plain 
carelessness. It is always your responsibility 
to look around, think ahead, and use common 
sense. A few reminders are listed below: 

• Apparel. Work clothes such as jeans, 
sweatshirts and sturdy shoes or boots are 
protection against dirt and abrasion. Metallic 
materials exposed to sunlight get hot; work 
gloves should be kept nearby. Hard hats 
should be worn when in operational facilities 
or in deteriorating structures where overhead 
materials have been falling. 

• Deteriorated Structures. Don't go out onto 
structures that are obviously deteriorated and 
unsound. Check the underlying structure in 
unused or abandoned buildings before going 
out onto (or under) floors, beams, roofs, walls. 
If necessary use ladders, scaffolding and 
safety lines. Photography (rectified photos or 
even photogrammetry) may be the safest way 
to "measure" unsound portions of a structure. 
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Never enter dilapidated buildings alone, and 
always use lights in darkened areas. Don't 
assume old wiring is "dead". 

airborne dust cloud. If you should encounter 
loose asbestos, do not touch it or attempt to 
remove it. 

• Ladders. Always plant ladders on a firm 
footing and tie them down (top and bottom) or 
have team members hold them. Ladders are 
best for heights under 20 feet. For heights 
greater than 20 feet, scaffolding or cherry 
pickers are recommended when there is no 
other means to measure a facade. 

• Poison Ivy and Critters. On overgrown or 
neglected sites, keep an eye out for irritating 
plants such as poison ivy and poison oak. 
Wash any affected skin immediately with soap 
and water. Be careful in high weeds and 
underbrush, since they can conceal thorns or 
snakes. Bees and wasps sometimes build hives 
in abandoned structures. Mice and rats should 
be expected, especially around foodstuffs 
(grain elevators, grist mills). 

• Exposure. Use a sunscreen and wear a hat if 
you are outdoors a lot. Drink plenty of water 
in the summer to avoid dehydration. 

• Animal Droppings. If you encounter 
accumulations of bird or animal droppings, 
avoid stirring up dust from them or contacting 
them directly. Illness from them is unusual, 
but can be serious. If you are going to work 
for extended periods of time in fouled areas, 
wear a mask and protective clothing. 

• Asbestos. Asbestos is a white, fibrous, 
noncombustible and potentially carcinogenic 
mineral. Historic industrial sites are very 
likely to contain pipes, boilers and other 
heated equipment insulated with asbestos or 
constructed with asbestos-bearing materials 
(such as floor tiles, shingles, cements, gaskets, 
etc.). Normally these materials present no 
danger to you if the site is well-maintained 
and insulation coverings are intact. Loose 
asbestos is not a serious hazard to work 
around briefly if you do not stir it into an 

Locating Existing Records 

Before you blanch at the prospect of 
measuring large or complicated things, see if 
you can find any existing maps, site plans, 
architectural and engineering drawings, 
erection plans, textbooks, repair manuals, or 
other graphics having to do with your site's 
layout, buildings and equipment. These may 
save you a lot of time and effort. Drawings 
usually survive for large utilities 
(hydroelectric stations, municipal pumping or 
electrical stations), major civil engineering 
works (dams, aqueducts, bridges, tunnels, 
canals) and large industrial sites with a 
lengthy period of operation. They are least 
likely to survive (if they ever existed at all) 
for small industrial and rural operations, such 
as grist mills, blacksmith shops, and the like. 
Information for and drawings of mass-
produced structural members, machinery, and 
equipment can often be found in period 
advertisements, catalogs, trade journals, 
technical manuals or patent data. In some 
cases, documentary information may be the 
only way you can conveniently and 
economically get at the historically significant 
inner structures of buildings or machinery 
without dismantling or destroying the features 
you are recording. Placement of concrete 
reinforcement and the internal arrangement of 
a steam engine are some examples of this 
situation. Even if drawings do not show all the 
latest changes or cover more than a few 
buildings or machines, they may save you 
considerable measuring time. 
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IMPORTANT CAUTIONS: 

1) Older drawings should always be checked 
against the objects documented by or built 
from them, since construction errors or 
changes may have occurred. 

2) Be very careful to check older drawings 
and reproductions for scale distortion. Most 
reproductions (blueprints, electrostatic prints, 
etc.) introduce distortions in the direction of 
travel of the original document through the 
copying apparatus; multiple copy generations 
only magnify the problem. Paper also expands 
and contracts across its grain with age, 
temperature and humidity changes. 

3) Most engineering drawings are governed 
by their written dimensions, not the scale of 
the image; where the two conflict, the written 
dimensions rule. So be very careful to check 
the image scale against written dimensions 
before using old drawings for underlays. 
Distorted or not-to-scale images may require 
you to rework or redraw reproductions rather 
than trace from them. 

TIP: Electrostatic (Xerox® or equivalent) 
copies of existing drawings can serve as field 
sketches on which to put check measurements 
and any additional field notes (building 
additions, changes) that you may need to 
record. You can use them to make additional 
notes about existing materials and conditions, 
jotting down any questions or references that 
arise. 

Explore your site for telltale signs of historic 
use, adaptation, repair and demolition. Smells 
and sounds can help as much as sight and 
touch. Inconsistencies in materials, alignment 
of features, or changes in surface finishes and 
colors can be valuable clues (see Appendix 
5.5 for clues identifying metals). Bricked-in 
windows and doors, changes or splices in 
moldings, partially buried foundations, even 
stray bricks and stones of unusual color or size 

should be examined as clues to possible 
additions or changes. Wear patterns in floors 
can be clues to age, to human and mechanical 
traffic patterns and to the organization of work 
areas. Some irregularities can be subtle, 
revealing themselves best in a light held at a 
grazing angle to a wall or floor. Unexplained 
holes, straight or parallel cracks, patches of oil 
or soot, rust stains, indentations in floors for 
machinery bases, anchor bolt holes, nail holes, 
abrasion, rows of empty brackets, "shadows" 
or holidays in paint finishes—all these should 
be examined and noted. Look for patterns of 
clues, and see if a geometric form appears, or 
if clues follow an axis, or lead to other 
patterns. Sight down the edges of walls, lines 
of columns, holes in walls, rows of trusses, to 
see if anything unexpectedly regular or 
irregular shows up. Look at graffiti—some of it 
may reveal dates, employee names, work 
procedures, employee attitudes, or even work 
space organization. Examine the topography 
of a site—unusual hollows or hills, even weeds 
and brush, can be the "X that marks the spot". 
Does a room smell particularly of paint 
solvents or ammonia, diesel fuel or smoke? 
You might also listen for sounds as you walk 
through a site or structure—does the floor or 
ground suddenly change from hollow- to 
solid-sounding? from masonry- to metallic-
sounding? What could be the reasons? 

These are only a few of the kinds of clues 
abandoned and operating sites contain. You 
will find dozens more. 

As you go about your field work, keep your 
drawing list and layout sheets in mind so that 
you gather dimensions relevant to them and 
don't waste time on unnecessary features. It is 
necessary to rank the significance of various 
features and details, so that a reasonable trade
off between significance, recording methods, 
schedule, and budget can be made when 
necessary. 
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Hand Measuring Tools 

Below is a list of basic hand-measuring 
equipment recommended for field work, some 
of which is used to establish reference planes. 
Tapes and rules should be graduated in the 
English system, not the metric (routinely used 
in classical archeology), since most American 
industrial sites were built using the English 
system of feet and inches. (Site plans and plats 
may have been laid out in 66-foot surveyors 
chains or in decimal feet, depending on their 
era—be careful here when comparing modern 
measurements with historic records.) 

TIP: However, if you encounter equipment 
built to metric dimensions, use metric instru
ments to measure it. Objects should be 
recorded in the dimensional systems in which 
they were designed in order to best understand 
design ideas and interrelationships. 

Storage containers: 
Toolboxes 

Reference Devices: 
Transit (with tripod) 
"Torpedo" level (8-inch length) 
String level 
Plumb bobs 
Braided mason's or surveyor's twine 

Measuring Devices: 
300-foot tapes, 1/8" graduations 
100-foot tapes, 1/8" graduations 
50-foot tapes, 1/8" graduations 
6-. 12-, 16-, 25-foot retractable 
tapes, 1/16" graduations 
6-, 8-foot folding carpenter's rules 
1/16" graduations 

WARNING! Most tapes (especially retract
able ones) are metallic. Fiberglass tapes 
should be used around energized electrical 
equip-ment to prevent electrocution or fire. 

Marking Devices: 
Lumber crayons (red, black, yellow) 
Chalk sticks (white, blue, red, yellow) 
Chalk line reels (with bottles of powdered 
chalk for refills) 
Felt markers 
Ballpoint pens 
Pencils 

Holding Devices: 
Masking tape 
Nails and hammer 

Gauges: 
Contour gauge ("molding comb") 

Hand Tools: 
Hammer 
Pliers 
Screwdrivers 
Utility (or mat) knife and blades 
Flashlights and batteries 

Apparel: 
Gloves 
First aid kits 
Dust Masks 

Data Storage: 
Clipboards (9"xl2" and 18"x24") 
17"x22" field paper, 8 x 8 gridded 
Field notebooks 
Pencils (No. 2 black) 
Erasers 
Pens (red, blue) 

Other: 
Drawing compass 

Other tools that might be utilized by a field 
team include a carpenter's square, strong 
magnets (for temporarily securing tapes, 
plumb lines, etc. to steel structures), 2- or 4-
foot mason's levels, protractor level, digital 
level (e.g. "SmartLevel"™), calculators, 
spring and jaw calipers, vernier calipers, a 
magnetic compass, and binoculars. 
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Reference Planes (Datum Lines) Horizontal Reference Planes 

Before measuring any site or structure, it is 
imperative that independent horizontal and 
vertical reference planes (often loosely called 
"datum lines") be established and marked on 
the structures. 

WARNING! You should never assume that a 
structure is level, plumb, or square and then try 
to use the structure's walls and floors as your 
overall reference frame. 

Reference planes are necessary to help your 
work meet the Secretary's Standards. They 
are essential to accurately establishing where 
the heights of different features within a 
structure lie for recording plans, sections and 
elevations. They are also vital to establishing 
what the inclination of sloped areas is (they 
are sloped for a reason). Vertical reference 
planes are less critical, but will be necessary 
to establish vertical orientations of walls, and 
whether interior features lie over each other 
floor-to-floor or not. 

1) Datum planes should be set at heights as 
convenient as possible for access throughout a 
building or site. 

2) Once a beginning point is selected, try to 
transfer the level of that point to as many 
other places within your site as possible. This 
will aid you considerably in the drawing 
phases. 

3) Mark the datum plane on structures. Make 
marks no more than 15 feet apart, using some 
recoverable method. (On some highly finished 
structures you may have to make these marks 
unobtrusive or put them on removable tape in 
order not to damage important finishes.) 

WARNING! Failing to leave marks behind will 
make it difficult to recover the datum plane to 
check conflicts, errors, and omissions later. 

4) When it is time to measure something 
relative to the datum plane, team members can 
stretch a string between marks, and use the 
string as the datum plane indicator. 

There are four major devices for setting 
horizontal reference planes: 

1) Water Level: This device is extremely 
simple, cheap, effective, and nearly foolproof 
for setting level reference planes at a site or 
structure. It probably antedates the Egyptians, 
and operates on the elementary principle that 
water seeks its own level (see Fig. 4.8). If it 
were practical, you could set a horizontal 
datum plane at your site by filling the site with 
water, and marking where the water surface 
intersected the structures on a calm day. The 
water surface would be dead level due to 
water's response to gravity. A water level 
performs the same function without the flood. 
If you put water in a tube of any practical 
length with open ends, and hold the ends in 
the air, will be level with each other regardless 
of intervening terrain. (You will need to allow 
some time for water to settle from inertia and 
friction in the tube). Add some means of 
closing the tube ends so the water won't spill 
when the level is stored, and perhaps a 
coloring agent for easier visibility, and you 
have a very versatile tool. 

Once a beginning point for a datum plane is 
selected, you can transfer the level of that 
point as far as the hose will reach. 

There are two ways to use a water level (see 
Fig. 4.9): 

(a) The first is to raise/lower the hose end 
at the initial mark until the water column (A) 
is aligned with the mark, while another person 
holds the other end (B) absolutely still. When 
water column A is aligned, signal the other 
operator to make a mark at the top of the 
water column at B. The person at A can speed 
the process tremendously by waiting for the 
water column to settle (no matter where that 
may be relative to the initial mark), noting 
how far above (or below) the water column 
top is from the initial mark, then moving the 
hose twice that distance in the opposite 
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Fig. 4.8 
Using a Water Level 

direction. The water column should "split the 
difference" and settle very closely to the mark. 
Repeat this until the mark and water column 
are aligned. 

(b) Here both hose operators wait until the 
water columns settle. Then the person at the 
initial mark A measures how far above or 
below the water column is from the initial 
mark, and tells the second person what this 
measurement is, and where it is relative to the 
water column. The second person then makes 
a mark at the proper measurement. The two 
marks should be level with each other since 
they are both the same distance in the same 
direction from the level ends of the water 
column. While this procedure eliminates 
adjusting the hose, the second person may 
measure the wrong direction for the second 
mark and introduce considerable error, 
especially when you can't visually double-
check their relative levels because of an 
intervening obstacle. 

For a one-person operation, both procedures 
take similar times. Both ends of the hose 
should be taped to the structure, and then the 
water column either adjusted or measured at 
the initial mark before settina the second. 

Fig. 4.9 
Transferring Datum Plane with Water Level 
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CAUTION: Set as many marks as possible 
from your initial mark. "Chaining" level marks 
(using the second mark as the initial mark for 
the third, etc.) can result in significant cumula
tive errors. This problem is analogous to that 
with additive (or cumulative) measurements 
discussed later. 

2. String Levels. A string level consists of a 
bubble level with hooks on each end hung on 
a strong string. The bubble level should be 
equidistant between suspension points so the 
level and the string ends are parallel despite 
the sag induced by the level's weight. Set one 
end of the string to an initial mark, and raise/ 
lower the other end until the bubble in the 
level is centered. Remove the level from the 
string, and mark the string ends and points 
between along the string. This procedure 
works best with three people, though it can be 
done by one person with a way to secure both 
ends of the string while checking level and 
making marks. 

This device depends on its hooks for accuracy. 
If they are bent or damaged, check the bubble 
level against itself by reversing its position on 
the string. If the bubble settles at the same 
relative position towards a marked end of the 
vial, then the string is level, even though the 
bubble may no longer lie between the 
centering marks (see Fig. 4.10). 

The string level works best over distances less 
than 20 feet. Other reference plane devices are 
more consistently accurate and faster to use 
for longer distances. 

3. Laser Levels. Once properly leveled, these 
devices project a visible red or infrared 
(invisible) laser beam horizontally, rotating it 
to describe a datum plane with a beam of 
light. You can then mark a structure using the 
beam as a guide or measure from features to 
the light plane, recording the dimension where 
the beam crosses your scale. The chief 

advantages of a laser level are speed of setup 
and ease of use; one person can make 
measurements to the reference plane with it. 
(All other instruments are most efficiently 
operated with at least two people.) In bright 
sunlight, both types, visible red and infrared 
need a detector to find the beam, but in shady 
or dark places indoors, the visible beam is 
easily seen. Laser units are sold as self-
leveling or non-self-leveling units. The self-
leveling variety typically have an average 
level accuracy of '/," in 100 feet. The non-
self-leveling kind can be adjusted with better 
precision; in addition, many can be set up to 
project vertical planes, or stationary lines. 
New laser units cost about as much as a 
Category 1 transit. Many are battery powered, 
which limits their time at a given set-up; some 
have 120v adapters. 

Fig. 4.10 
Using a string Level 
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CAUTION: Visible light lasers operate at a 
very low power (about 3 milliwatts, or V 
this the power of a flashlight bulb), so the 
ability of a fast-rotating beam to "zap" things 
or damage your eyes is minimal. (The same 
lasers power bar code scanners in grocery 
stores and are used by workers to align and 
hang dropped ceilings). However, danger docs 
lie in staring for a prolonged time into a 
stationary laser beam. Your eye will focus the 
energy onto a very small spot, and time only 
multiplies the energy delivered. So be careful! 
In the absence of a detector, a visible laser 
beam can be seen in bright sunlight by looking 
back toward the laser unit from the point at 
which you wish to mark the reference plane. 
With the laser rotating at 150 RPM at a 
distance of 50 feet, you will sec flashes of two-
millionths of a second 150 times a second. If 
you arc still concerned about damage to your 
eyes, use a small piece of clean window glass 
for a reflector/detector. Glass reflects about 5% 
of the light striking it within 20° of a line 
normal to its surface. 

4. Transits and Theodolites. Regardless of 
their technology, these instruments measure 
angles (horizontal and vertical) and distances 
(range from the instrument station). However, 
in order to operate properly, they must be 
leveled (see the Appendix if you are not 
familiar with leveling procedures). Once 
leveled, they can be used to set a datum plane 
on structures through the telescope reticle 
(cross hairs). Simple mechanical transits 
(Category 1 instruments) require no power 
supply and can set a plane level to within '/ " 
or better for each 100 feet of distance. (As 
long as the instrument is set up. you can also 
record the heights of features above or below 
the datum plane described with the telescope.) 
Optical or electronic theodolites can be set 
level more precisely, but they are too 
expensive to use if all you are planning to do 
is set a level datum plane with them. 

TIP: If all you plan to use a transit for is 
setting level planes, a builder's level (com
monly called a "dumpy" level) may be all you 
need. These instruments arc easier to set up, 
but they have no vertical circle, and the 
horizontal circle cannot measure turns as 
precisely as a Category 1 instrument. 

Electronic theodolites with EDM (Electronic 
Distance Measurement) capabilities are only 
practical if you need to record dozens or 
hundreds of control points and plot them in 
addition to a datum plane with a CAD system 
in a very limited time. Short battery life limits 
these units to between 2 and 6 hours 
continuous operation without access to a 120v 
outlet, and if you shut them off, you lose all 
your settings. Nearly all these instruments 
require at least two people to operate them 
effectively--a transit operator and someone to 
mark a point, or hold a measuring tool or 
prism rod in alignment with the telescope. 

Setting Reference Planes with a Transit. A 
transit can set planes two ways: 

(a) The transit operator can signal a second 
person at the structure to move a marker up or 
down until he/she can make a mark in line 
with the cross hair in the telescope reticle. 
This can produce a lot of hand-waving. 

(b) The second person at the structure can 
firmly hold a tape or folding rule against the 
structure where the transit operator can read it 
through the telescope (Fig. 4.1 1). The operator 
then reads the rule where the horizontal cross 
hair intersects it and calls out the reading to 
the person at the structure who makes a mark 
by that reading on the rule. This is much faster 
than hand-waving. 

Once you begin to set reference marks, make 
sure you set all you will need or can see from 
the instrument station. Unlike the water level 
or most laser levels, once you move a transit 
and tripod, it is impossible to set the 
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instrument up at exactly the same datum plane 
again. Try to set a station at a building corner 
where you can spot at least two elevations 
from one point, or even see into or through 
buildings to others beyond. Inside structures, 
try to shoot as far as you can down hallways 
or into adjacent spaces; don't set up a station 
on easily deflected floors—anyone walking 
around the instrument will upset the 
instrument's level plane. 

TIP: In some cases you may find it useful to 
erect a pole or two at a site on which to set 
datum marks in order to pick up the plane from 
another instrument station. 

On most sites, you will need at least two 
transit stations (and perhaps many more) to set 
a horizontal reference plane. Since you 
cannot set the instrument up twice in the same 
plane, there are two ways to continue a datum 
plane: 

(c) After the instrument is leveled, set your 
next series of marks at the second horizontal 
reference plane, but be sure you measure and 
record the distance between the two planes in 
your field notes. This method is faster than the 
second one below, but it can cause confusion 
in field notes and drawings if the various 
datum planes are not clearly labeled and 
distinguished from each other. 

(d) After leveling the instrument, measure 
and record the distance between the new 
instrument height and the original reference 
plane. Each subsequent sighting indicates 
where the new plane lies, but you measure the 
recorded distance back to the original plane 
and mark it on the structure. This takes more 
time, but continues the original plane 
uninterrupted. 

Vertical Reference Planes 

There are three major devices for setting 
vertical reference planes: 

1. Plumb Bobs. The plumb bob is the simplest 
and most foolproof vertical reference line 
instrument. Its truth is with two plumb lines 
by sighting across the visually superimposed 
strings and aligning them equidistantly from a 
vertical surface (or other reference points). 
The line-of-plane can then be used to read 
swing ties to features (see Fig. 4.12). The 
plumb lines could be set up over a grid line or 
reference line pulled along the ground in order 
to take horizontal dimensions with reference 
to the plane. 

TIP: Wind effects can be greatly reduced by 
immersing suspended plumb bobs in contain
ers of water. 

Fig. 4.11 
Using a rule to mark a Datum plane 

2. Laser Levels. As mentioned above, some 
laser levels can be mounted to project vertical 
planes. They can be set or double-checked by 
hanging plumb lines in the laser plane (the 
string will brightly reflect laser light). To 
align the laser plane with a wall, adjust the 
laser plane until it crosses two rules set at the 
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Fig. 4.12 
Vertical planes set with plumb lines 

ends of the wall at an equal dimension (similar 
to setting a plane with plumb lines, see Fig. 
4.12). Use swing ties to measure from features 
on the wall to the laser plane. 

3. Transits. Transits and theodolites contain 
precise circles whose aligned by the 
instrument frame and the leveling process. 
Just as the horizontal circle is used to set 
horizontal reference planes, the vertical circle 
can be used to set vertical reference planes. 
Move the telescope until equal measurements 
are sighted through the reticle on two rules set 
at the base of a wall (or whatever feature is to 
be measured), similar to Figure 4.12. Lock the 
horizontal circle and take swing ties from 
features to the plane of the vertical circle; read 
dimensions with the telescope. 

Hand Measuring Methods 

There are two approaches to systematic 
measurement: additive (or cumulative) and 
running (or consecutive) methods. 

• Additive measurements. Additive 
measurements are "chained"--each succeeding 
measurement begins where the last one ended 
(see Fig. 4.13). Grouped and overall 
measurements are obtained by adding 
individual measurements. While this method 
reduces a lot of measurements to a size that an 
unassisted person can make with a tape, 
tolerances/errors accumulate. If you add six 
measurements, each with a ±'/8" tolerance, the 
sum has a tolerance of 6 x ±'/g" or ±V4". 
Adding dimensions with different tolerances 
gives a total with a final tolerance that is the 
sum of all the individual tolerances, regardless 
of their size. In the end, reasonably careful 
measuring leaves you with an unreasonable 
amount of error. (For example, individually 
measuring the widths of fifty successive 
floorboards in a mill to ±7 " will leave a final 

lo 

tolerance of ±3Vg"!) You may also make 
errors summing fractions, and a recording 
error in one measurement affects the total. 

Fig. 4.13 
Additive measurements 

• Running measurements. Running 
dimensions reduce these problems by using 
the same starting point for all measurements 
made in a common direction (see Fig. 4.14), 
so they help your work meet Standard II. For 
example, to measure the window openings in a 
building facade, you would hook the tape at 
one corner, and continue (or "run") down the 
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Fig. 4.14 
Running Measurements 

Take care in reading upside down scales; don't 
confuse 6 for 9 or mix up other numerals. 

If you read scales opposite to their numerical 
progression, don't associate a fraction with an 
integer an inch too high or too low—i.e., 
misread 77," as 87,", or 107g" as 11'/,". 

Don't associate a fraction incorrectly with the 
nearest integer inch-i.e., misread 4V" as 53/ ". 

facade, taking the measurement of each 
opening edge as it is read from the tape. Each 
successive dimension is larger than the one 
preceding it, but if you hold a tolerance of ±7 
" for each dimension, that tolerance is the 

same for any individual measurement, 
independent of all others. Tolerances/errors do 
not accumulate. Note, however, if you subtract 
one running dimension from another, the 
tolerances add; you cannot subtract your way 
into a zero or negative tolerance. 

In practice, additive measurement errors 
average out in many cases, but the total 
tolerance cannot be reduced mathematically. 
Use running dimensions whenever possible. 

Be aware of the following in reading tapes, or 
recording and plotting dimensions: 

Write dimensions in standard U.S. feet-and-
inches with a single tic (') for feet and a 
double tic for inches ("). Insert "0" when a 
foot or inch dimension is less than one. Often 
common sense or "fit" to a drawing is not 
enough to interpret a dimension like 6'- ". Is it 
"6 feet and one-half inch", "6 and one-half 
inches" or "6 and one-half feet"? Did you 
forget an inch figure? Avoid ambiguities and 
ensure clarity (Standard IV) by writing this as 
6'-0 ". 

Take care not to associate a reading 
incorrectly with the nearest integer foot-don't 
misread 2l"-87" as 22'-87,". 

4 4 

Record dimensions as they appear on the tape 
you are using so you don't make mathematical 
conversion errors. (Some tapes are in inches 
only, some feet and inches— others feature 
both systems.) 

TIP: Plotting errors will be less frequent if all 
your dimensions are taken in feet and inches, 
since architectural scales are graduated that 
way. Converting inches to feet/inches can 
result in plotting errors. 

Lastly, be sure you know where the "zero" is 
on the tape you are using. The "zero" for 
carpenter's tapes is at the tip end with the 
hook closed. (Some surveyor's tapes end four 
to six inches beyond the tape "zero"; the end 
is used as a handle.) 

• Swing Ties to Lines. The correct distance 
from a point to a line lies along a second line 
running from the point square to the first line 
(see Fig. 4.15). You do not need to establish 
this connecting line with a square in order to 
measure it. All you need to do is put the zero 
end of your tape or rule on the point (feature 
whose location you are measuring), and swing 
the tape by the reference line. The minimum 
measurement on the tape is the true 
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dimension. This type of measurement is called 
a swing tie. If it were worth your time to 
check it, you would find that the point of 
minimum measurement on the reference string 
would lie at the intersection of the squared 
connecting line going to the point on the 
feature. (Ordinarily the face of rule shown in 
Fig. 4.15 would be turned 90° so that 
swinging the rule will not introduce error from 
"rocking" the wider end on its corners.) 

laser beam indicates the location of the plane 
directly, and you find a minimum 
measurement quickly. This kind of swing tie 
will work as well with and vertical reference 
planes (see Fig. 4.12), but it does not work 
easily at all with a water level or string level. 

Fig. 4.15 
Swing-tie from point to reference line 

• Swing Tie Measurements to Reference 
Planes. A similar swing tie is used when 
measuring heights or depths to a horizontal 
reference plane over a broad area (deflected 
floors, foundations, remains, etc.). To measure 
the depth of a feature beneath a datum plane 
set by a transit, place the zero end of a rule on 
the feature, then sight the scale through the 
telescope. The rule should be swung towards 
and away from the transit, then left to right. A 
minimum measurement should be sought in 
both directions, and the procedure repeated 
until a minimum is found (see Fig. 4.16). As 
with the previous example, this minimum is 
the true distance between the feature and the 
reference plane. Sighting the rule through a 
transit telescope takes more time than 
measuring to a visible laser level plane. The 

Fig. 4.16 
Swing-tie from point to reference plane 

• Trilateration. Hand trilateration is simple, 
powerful, and relatively foolproof for locating 
points and determining the shape of just about 
anything, so long as measurements are 
carefully taken, recorded, and plotted. No 
trigonometry is required. Trilaterated points 
are easy to reconstruct at the drawing board 
with a scale and compass. 

Use trilateration to measure small site plans, 
building plans, layouts of columns or 
machinery, and the shapes of curves and 
irregular features. It can also be used to 
measure elevations and bridge arches (see Fig. 
4.17 through 4.19) 
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• Reference Strings. In complex site or room 
plans, trilateration should be supplemented 
with a reference string and swing ties, 
especially where the measured area is slender 
(see Fig. 4.20). Be sure to measure and 
annotate the locations of the string ends on 
your notes. In cases of conflicts between the 
reference string and trilaterations, the 
reference string data is probably more reliable. 

Reference strings can also be used as bases for 
trilateration. Points can be set along the line at 
measured locations (integer feet are 
convenient), and trilaterations made from 
these points to features (see Fig. 4.21). 

Fig. 4.17 
Triangles and trilateration at work 

• Poles. For conveniently reaching features up 
to 20 feet from you with a tape or plumb line, 
poles are excellent "extenders'* for your arms. 
Poles should be made from one or more 8-foot 
pieces of clear (knotless, crackless) 1 "x2" 
lumber. (Knots or cracks can lead to 
fractures.) A series of measurements from 
vertical features to horizontal datum lines can 
be made very quickly by hooking the zero end 
of a tape on a pole and holding the end to the 
feature you wish to measure. This procedure is 
faster than repeatedly moving a heavy ladder. 

SAFETY NOTE: Poles made up from a series 
of 1 "x2"s should have joints that overlap at 
least 12", glued and nailed together. 

Fig. 4.18 
Triangles capture room shape 

(measure all sides and diagonals) 

• Measuring Diameters. The diameters of 
small piping and round decorative features can 
be measured with jaw or spring calipers. 
Measure the diameters of tanks, penstocks, 
etc. by taping their circumferences and 
dividing by re (3.1416). An architectural 
column must have circumferences taken at 
numerous measured locations along the shaft 
in order to determine the column entasis. 

Fig. 4.19 
Triangles map arches 

(and other various curves) 
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Fig. 4.20 
Swing ties to reference string 

Fig. 4.21 
Trilateration from points 

on reference string 

Fig. 4.22 
Reference string for 

bowed and irregular features 

NOTE: This procedure assumes the object is 
truly circular in section. Tanks, piping, and 
other "round" shapes in engineering structures 
typically have to resist internal or external 
pressure-a circular section does this best, 
aside from being easier to manufacture than 
non-circular shapes. You are fairly safe 
assuming round objects are circular, unless 
visual inspection or drawing board concts 
suggests otherwise 

Measuring Site Plans 

Site plans can be measured using several 
different systems: 1. trilateration with tapes 2. 
bearing and distances with transit and stadia 
rod 3. rectangular grid system 4. topographic 
surveys 5. GPS (Global Positioning Systems). 
Since most site plans are drawn by HAER at 
scales of 1 "=20' (1:240) or smaller, the 
precision of field measurements is looser than 
for hand-measurement of structures. 

1. Trilateration. Before measuring a site 
plan, a horizontal reference plane should be 
struck on all structures, especially if the site 
has notable topography. Trilaterations should 
be done in level planes in order to plot them 
correctly in plan. 

TIP: Over a distance of 50 feet, a difference in 
endpoint elevation of 3" or 4" (I in 200 slope) 
for a horizontal measurement will have a 
negligible effect on the measured length. A 
tape could be leveled with a string level for 
this precision. 

To begin measuring a site plan, two points 
"A" and " B " are established as starting points-
-conveniently the ends of a building wall or 
the corners of two buildings. The distance 
between A and B is measured and recorded. 
The locations of other points (such as the 
corners of other buildings or site features) are 
measured from A and B and recorded as pairs 
of dimensions in tabular form to keep notes 
neat (see Fig. 4.23). There must be two 
measurements for each new point in order to 
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locate it. At the drawing board, A and B are 
located to scale. To draw each point, adjust a 
compass to the scale lengths of the legs A and 
B, and strike arcs. The result will be a plot 
with arc crosses, all representing locations of 
points from A and B. 

Fig. 4.23 
Site plan trilaterations 

Eventually you will want to measure two or 
more triangles per point in a site plan, both as 
checks against errors and as reinforcement for 
the accuracy of the job. 

TIP: For large sites, begin with large overall 
triangles and work smaller ones within them to 
hold error under control. If you try to construct 
a site plan from a web of small triangles, 
cumulative errors will introduce distortions, 
just as additive measurements accumulate 
error. 

2. Transit and Stadia Rod. All this entails 
is reading precisely the horizontal circle of the 
transit, and reading precisely the numbers on a 
stadia rod through the telescope. Every point 
recorded will have a unique pair of numbers 
consisting of an angle (bearing) and range 
(distance) from the transit station. 

a. Mark the Station Location. When setting up 
the transit, be sure to mark the instrument 
station by suspending a plumb bob beneath the 
instrument and setting some kind of 
reasonably permanent mark on/in the ground 
or other surface beneath the plumb bob tip. 
This way, you can recover the station if 
certain measurements prove to be in error. 

TIP: Trilatcrate the station mark to nearby 
building or permanent features and record this 
data in case the mark is disturbed. 

b. Align the Horizontal Circle. Before you can 
begin to record bearings, you need to decide 
where the zero (north) of the horizontal circle 
will point. In some cases, aligning it with 
magnetic north will be useful, at other times, 
aligning it with the corner of a building, or an 
axial orientation (centered on railroad track or 
smokestack) will be more helpful. 

c. Reading Stadia Rods and Computing Range. 
As you look through most transit telescopes, 
you will notice two small cross hairs on the 
vertical line of the reticle--one above and one 
below the horizontal line (see Fig. 4.24). 
These hairs are used to read figures on stadia 
rods for computation of range. Stadia rods 
come graduated in decimal feet (tenths and 
hundredths of a foot) or feet and inches (12 
inches to the foot). Before you proceed, 
examine your stadia rod to see which kind you 
have, or your results will be erroneous. 

When a stadia rod is held against a building 
corner or set vertically over a point whose 
distance is to be measured, the stadia cross 
hairs in the telescope will permit you to read 
an upper and a lower figure on the rod. (To 
plumb the rod, try to balance it vertically 
between your fingers, or use a rod level.) 
Record these two figures, subtract the lower 
from the upper, and multiply the result by 100. 
The product is the distance in feet from the 
transit to the stadia rod. This calculation is 
much easier with decimal feet than feet and 
inches. 
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Fig. 4.24 
Range reading with stadia rod 

TIP: If for some reason you have to ineline the 
telescope from horizontal to read the stadia 
rod, a correction factor must be introduced into 
your calculations, or you will arrive at artifi
cially longer range figures. To obtain the 
correction factor, record the inclination angle 
on the telescope's vertical circle, and multiply 
the range by the cosine of this angle. 

In distance measurement, the accuracy of a 
transit used with a stadia rod depends on the 
distance measured: as long as you can read ± 
0.01 foot through the telescope, your tolerance 
is ± 1 foot. 

Total Stations. Total stations are complete 
electronic instruments for taking bearing and 
range data and converting it to plottable 
coordinates with automatic corrections for 
telescope inclination. They can also calculate 
and plot elevations for use in topographic 
surveys. The time savings and reduction in 
errors from hand calculations can be 
considerable for complex sites. Instrument 
memory can be downloaded to a computer for 
data printout (for hand plotting), or creating a 
CAD plot. 

NOTE: It is wise to make a hard-copy printout 
of coordinates in case something damages data 
storage media. 

Advanced total stations have accuracies up to 
± 1 second of arc (a Category 4 instrument, or 
theodolite). Total stations use EDM 
(Electronic Distance Measurement) devices 
capable of accuracies of 2 or 3 parts per 
million; at a range of 1,000 feet, you can 
measure range theoretically to within about " / 

](KK)'
hs of an inch (0.036"), greatly exceeding 

any accuracy requirements in the Secretary's 
Standards. In most cases, a Category 1 transit 
is sufficient for HAER site work; it requires a 
little training to level the instrument properly, 
set it over a station point, and read the vernier 
scales correctly. In addition the instrument 
requires no electric power, and is relatively 
inexpensive. All data must be read and taken 
down by hand from a transit, and then you 
must reduce the data by hand (with a 
calculator) to coordinates or range-and-
bearing measurements in order to plot points. 
If run on batteries, total stations may only 
operate for a short time before battery 
recharging is necessary; check your model to 
see if field data will still be saved if the 
battery should run down before you finish a 
day's work. 

3. Rectangular Gr id . Many people are 
familiar with photographs of archeological 
excavations which show strings pulled over 
the ground in a rectilinear pattern. This system 
aids archaeologists in cataloging and mapping 
locations of artifacts. A similar but larger grid 
system may be an advantage in recording 
some site plans where the ground is relatively 
level. The grid could be squared with a transit 
(or 3-4-5 taped triangle) and marked off with 
tapes at intervals of 20 or 50 feet. Use the grid 
intersections as trilateration points for site 
features, or take swing ties from features to 
grid lines. 
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4. Topographic Surveys. HAER normally 
relies on pre-existing topographic surveys of 
sites, or the topography in USGS 7.5 minute 
topographic maps for site topography. A 
topographic survey would only be required 
where these records do not exist or are 
inadequate to adapt for the display of 
significant topographic data. If time or budget 
do not allow for a topographic survey, some 
older graphic conventions for maps should be 
employed to at least indicate the subjective 
relative differences in level observed at the 
site (see Field Notes, Section 4.4). 

5. GPS or Global Positioning Systems. The 
advent of satellite-based navigational systems 
has led to the development of very precise 
land surveying instruments that rely on 
satellite signals to determine location. Many 
of these instruments can resolve land 
coordinates in three dimensions to within an 
inch, but it takes the instrument about 5 
minutes per station to determine the figures. 
These systems also operate well only in open 
areas. Significant tree cover attenuates the 
satellite signals too much for accurate work. 

Measuring Building Plans 

In general, measure plans from the outside in. 
Angles at corners and between wings can be 
determined by trilateration. Never assume 
buildings are square. When an exterior comer 
exceeds 180°, one wall can be extended by 
line of sight to a stake, and the stake position 
trilaterated to the second wall (a similar 
approach works on interior corners of this 
kind). Plotting these dimensions will establish 
the corner angle (see Fig. 4.25). Use of 
reference strings and swing ties may be called 
for where there are significant irregularities. 
After the building perimeter is established, 
move on to wall thicknesses (obtained from 
doors and windows, or accessible holes), then 
to interior spaces. 

Fig. 4.25 
Trilaterating exterior comer 

Interior plans may require a variety of 
approaches depending on the geometry of 
spaces, access to walls and comers, and the 
presence of columns, large machinery or other 
large objects (such as tanks, bins, furnaces, 
boilers). Don't forget to set reference planes 
first. In subdivided spaces, every wall should 
be measured room by room, with at least one 
diagonal taken in each space. If obstructions 
prevent your taking diagonals in one space, 
you may have to rely on swing offsets and 
trilaterations from a reference string or use the 
geometries of surrounding rooms to establish 
the shape of the less accessible space. 
Reference strings may be needed to tie a series 
of adjacent irregular spaces together 
accurately. 

NOTE: While measuring for plans, keep in 
mind measurements that will serve double use 
in sections. 

Features located high above floors may be 
approached in several ways; these features 
may be pipes, ducts, beams, trusses, catwalks, 
conveyors, decorative features, etc. Look for 
access by catwalks, mezzanines, windows, fire 
escapes, traveling cranes and the like. Plumb 
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lines can be lowered from these features and 
their locations marked on floors for 
dimensioning, or for trilateration and swing 
ties to room walls, corners, or reference 
strings. The plumb line creates a precise 
projection of overhead features onto the floor 
below. 

Measuring Facades 

Before you resort to ladders and scaffolding to 
scale elevations for measurements, consider 
using a building's floors, windows, and fire 
escapes as de facto scaffolding. Tapes can be 
dropped from the roof parapets or from 
windows to datum lines for vertical 
measurements; tapes can also be rigged 
horizontally from window to window. 
Binoculars are useful for reading tapes 
suspended in this manner. 

Ladders are best for heights under 20 feet. 
Above this, scaffolding or cherry pickers are 
recommended for safety when there is no 
other means to lay tapes on a facade. 

Poles can be used to hold tapes to features 
high above datum lines. A series of high 
vertical measurements can be made much 
more quickly with poles than ladders. 

Make sure you set and mark reference planes 
on the structure(s) first. These will be your 
best (often only) means to sew together a 
complex structure accurately. (Remove these 
marks at your project's end, especially in 
finished public spaces.) 

Always obtain overall measurements first, and 
work down to smaller levels of detail. That is 
the way you will draw it, so it makes sense to 
measure and record it that way. Repetitive 
features (columns, windows, details) can be 
drawn once and any variable measurements 
recorded in a table. Ask yourself if the 
variations are significant enough to spend time 

measuring them compared to other priorities. 
Note down your decisions and tolerances for 
verifiablity (Standard II). 

Some buildings and structures are too large or 
too dangerous to measure by hand. Interior 
spaces may be very high and offer little or no 
access to exteriors high above the ground. If 
pre-existing drawings are not available in 
these cases, a transit may be the solution. A 
plumb bob should be hung beneath the 
instrument, and its location in plan carefully 
triangulated from the building facade. Its 
vertical location relative to the datum plane 
should be determined after the instrument is 
leveled. Facades can then be measured by 
reading a combination of angles from the 
horizontal and vertical circles and reducing 
the data trigonometrically to coordinates for 
plotting at the drawing board or computer. 

The above method works best with planar 
surfaces. Projections and recessions from the 
facade plane will yield errors unless the 
projections and recessions are measured. 
Tilted walls will also yield errors, unless you 
determine compensation factors. In some 
cases projections can be plumbed for location 
relative to the transit or building facade. 
However, if space permits you to set your 
transit up at two different points, the method 
in Fig 4.26 will address all problems of 
projection, recession and/or tilting. This 
method requires some basic trigonometry. The 
baseline dimension between the two 
instrument stations is critical to success 
(whether it is inclined or level). See Section 5 
for relevant mathematical formulas. 

Total stations hold out the prospect of 
measuring elevations without the tedium of 
reducing hand-recorded data. However, the 
EDM in a total station requires the placement 
of a prism or reflector at points whose 
coordinates are sought. If you cannot gain 
access to place the prism, the total station 
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cannot record the point. As with Category 1 
transits, anything that interferes with line-of-
sight from the instrument will make it 
impossible to gather data from the hidden 
areas. 

Photogrammetry is a photographic technique 
for measuring elevations. While acceptable for 
HAER documentation, it is not used by 
summer teams due to expense of equipment 
and need for highly trained operators. 
Photogrammetry must be supplemented by 
hand measurement in areas that cannot be 
covered by cameras. 

Fig. 4.26 
Measuring any height with 

two transit stations 

Measuring Internal Elevations 
and Cross Sections 

Measuring plans gives you half the 
dimensions for cross sections and internal 
elevations—you have horizontal but not 
vertical coordinates. Horizontal dimension 
strings taken for constructing a section for 
multiple floors must be coordinated vertically 
by relating each string to a common vertical 
datum line (such as might be established by a 
plumb line). Vertical coordinates can be 

established from one or more horizontal datum 
planes. The shape of odd or deformed 
geometries in section or elevation can be 
determined by trilateration. 

Elevations of repetitive features like roof 
trusses usually require that you measure one 
and assume the others are the same when no 
obvious differences appear to the eye or are 
required by function. (Take advantage of 
symmetry to reduce measuring time.) Lower 
chord joints in trusses can be located by 
raising a pole with a plumb line to the joint 
centerline, or tossing a ball of string over the 
joint. A plumb line or measuring tape can then 
be tied to the string and raised to measure 
vertical heights or establish plan dimensions. 
A transit, plumb lines and tapes can be used to 
advantage also, although for every point you 
sight you must derive three coordinates for the 
data to be useful. These measurements must 
be observed directly or calculated 
trigonometrically. Tapes may also be stretched 
over high features and dimensions read from 
the ground with the aid of binoculars. 

Floor-over-Floor Position. To accurately 
position floors over ones beneath, try looking 
for holes in floors through which to drop 
plumb lines, or hang them in stairwells or pipe 
chases. Measure the locations of the 
suspension point on the upper floor and of the 
plumb bob tip on the floor beneath and plot 
these points in the plans of the two floors 
being checked. Two such plumb lines are 
needed to "lock" the two floors together. This 
relationship will also help in plotting and 
checking sections. 

Measuring Trussed Structures 

Metal and wooden truss structures are 
distinctive features of American engineering 
history, and they are frequently recorded for 
HAER. The following procedures will apply 
equally well to truss bridges, roof trusses, 
towers, and other trussed structures. 
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Try to locate engineering drawings before 
resorting to complete measurement, especially 
if the trusses are large, or consist of multiple 
spans. Drawings will often be your only clue 
to rivet sizes and internal joint construction. 
(Rivet are sized by their shank diameter, not 
head diameter.) A chart of common truss types 
and bridge part terminology is provided in 
Figure 5.15. 

Truss Components. If field measurement is 
required, the measurements needed to record a 
truss break down into several easily defined 
groups, regardless of the truss type (see Fig. 
4.27). On bridges, the span between the center 
line of the truss bearing points must be 
measured first (a), followed by the distance 
between the center line of the truss planes (b), 
then the distance between the center line of 
the top and bottom chords (c) (if the truss has 
parallel chords). If a bridge is skewed in plan, 
the relative position of the trusses can be 
obtained by trilateration in plan. You should 
also sight along upper and lower chords to 
check for vertical camber; if any exists you 
may need a transit or water level to measure it. 

Symmetry. Considerable time can be saved 
measuring a metal bridge by taking advantage 
of its numerous symmetries. First, the two 
trusses of a simple bridge span are usually the 
same, even if the bridge is skewed in plan. 
Second, an individual truss is usually 
symmetrical about its centerline between ends. 
Third, these same observations apply to decks 
and upper chord bracing. In effect, you might 
measure only 1/4 of the bridge after overall 
dimensions are obtained. 

WARNING: These observations may not 
apply to "vernacular" bridges. 

Panels. After obtaining overall dimensions, 
the dimensions of truss panel points must be 
taken and recorded (see Fig. 4.28). In most 
bridges, the panel points are evenly spaced 
along the top and bottom chords, but this is 
not always the case. 

Fig. 4.27 
Basic truss measurements 

Fig. 4.28 
Panels of pin-connected truss 

Measuring between panel points of a metal 
truss bridge is easy if the bridge is old enough 
to be pin-connected—dimensions are simply 
taken between the centerline of each pin along 
the chords and for all diagonals and verticals. 
(The pin centerline is frequently marked in the 
ends by dimples or countersunk holes used to 
turn the pin in a lathe.) If your bridge is 
wooden or has riveted joints, you are better 
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Fig. 4.29 
Measuring riveted panels 

Fig. 4.30 
Examples of Built-up and cast sections 

off measuring between the edges and joints of 
members (see Fig. 4.29). The lines of action 
are difficult to determine in the field for these 
structures. Pin-connected bridges usually had 
members with symmetrical cross sections, so 
lines of action were the same as the geometric 
centerline of each member. Determining the 
location of lines of action in a riveted truss 
with asymmetrical cross sections will require 
you to refer to original drawings, engineering 
handbooks, or structural steel catalogs. 

Member Cross Sections. Engineers and 
historians of technology will be particularly 
interested in the forces acting through the 
bridge members, so it is imperative that you 
measure not only member lengths, but their 
cross sections as well (to at least ±'/ | 6" or 
better). This is especially so for built-up 
members. Cast iron members are often hollow, 
and the dimensions of their cores may be hard 
to obtain unless you can see into an end. Look 
for manufacturers' names rolled or cast into 
bridge members: this information may be key 
to obtaining original cross-section information 
from makers catalogs, especially if rust or 
paint prevent accurate field dimensions. 

Joint Assemblies. It is important to make 
notes and take dimensions that help you 
analyze joint assemblies in a bridge (see Fig. 
4.31). Typical joints are shoes and panel 
points, but there may be other specialized 
connections depending on the truss design. 

Measuring Bridges 

On of the most common applications of truss 
structures is in the construction of bridges. 
The materials used in bridges should also be 
recorded. Determination of wood species in 
wooden bridges or the minerals in stone 
bridges may require the services of a 
specialist. For metal bridges, the age of a 
bridge, type of joints, and the stresses acting 
in various members are strong indicators of 
materials used. Wrought and cast iron were 
used exclusively in metal bridges until the 
1860s when Bessemer steels became 
available. By the 1880s wrought iron was still 
the more widely used material, but by 1900, it 
had been completely supplanted by steel. Cast 
iron, being brittle, was used only for 
compression members and fittings (such as 
joint blocks, shoes, builder's plates and 
decorative finials) where no bending occurred. 
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Fig. 4.31 
Example of joint assemblies 

Built-up wrought iron and steel shapes often 
served for compression members as truss 
bridge engineering matured: they were always 
used for tension members and members 
subject to bending loads (such as floor beams 
and stringers). HAER has recorded a handful 
of bridges with cast iron floor beams, but 
these are very rare survivors. 

Anomalies. Deformations, deterioration, 
asymmetries, (and even missing members) 
should be recorded since they may be 
important clues to the success or weakness of 
the bridge's original design, detailing, and 
construction. 

Decorative Features. Builders' plates, 
dedication plates, and decorative features 
should be recorded. 

Masonry Bridges. The exterior shapes of 
masonry bridges can be recorded by methods 
used for buildings. Internal construction is 
very difficult to infer without original 
drawings, photographs, or some convenient 
damage that allows you to look into a cross 
section of arches or piers. Arch shape can be 
recorded by trilateration from spring points or 
bridge piers. Very large spans can be recorded 
with a transit. 

Concrete Bridges. Discovery of original 
construction drawings is vital to properly 
document reinforcing bar type, sizes, and 
placement. Without this information, all you 
can measure are the architectural appearance 
and outer dimensions of these structures. 

Suspension Bridges. This distinctive bridge 
type will involve you in the documentation of 
trusses (roadway stiffening trusses, perhaps 
towers), as well as cables, anchorages, 
saddles, and specialized joints. An important 
thing to remember in recording and drawing 
the main cables is that their shape follows a 
catenary curve, not an elliptical or circular arc. 

TIP: A catenary curve can be duplicated in a 
drawing by putting the drawing on a wall, 
suspending a fine beaded chain between the 
tower tops and the plotted bottom of the cable 
span, and marking the ccntcrline of the chain 
every inch or two. These marks can then be 
connected by flexible curves. The beaded 
chain hangs in a catenary curve. 

Cable construction should be carefully 
determined. The use of engineering handbooks 
and manufacturers' catalogs is encouraged. 

Measuring Machinery 

Machinery is a much broader category of 
resource to measure than bridges. 

Nonetheless, there are some basic rules for 
measuring mechanical devices. You will need 
to use your ingenuity in special cases. 
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Fig. 4.32 
Aid from old drawings and publications 

As with structures, you should check 
blueprints against the subject machinery to be 
sure drawing scale and dimensions coincide 
and whether any modifications have been 
made. If blueprints are not available, check 
trade journals and catalogs for technological 
insights; these frequently feature drawings 
detailing special features, etc. 

Machinery is, in many respects very easy to 
record, no matter how intricate it is. This is 
because most machinery has been designed 
and built along center lines (shafts, pins, 
pipes, tanks, pulleys, gears, rods, frames, 
fasteners, etc.). If you locate these center lines 
and measure everything else with respect to 
them, many of your measurement problems 
will diminish or disappear in both the field 
and at the drawing board (see Fig. 4.33). Most 
machinery parts are either rectangular/ 
prismatic or circular/ cylindrical in shape: 
break down equipment in terms of these 
shapes before you begin to sketch and measure 
it. Look for symmetry and repetition. 

These procedures apply even to some large 
industrial buildings which are machines 
enlarged to titanic scales. 

As with other objects, finding engineering 
drawings will save you much sketching and 
measuring time. They will not only provide 
critical external and design dimensions, but 
important internal sections and arrangements 
that you would be unable to get without 
disassembling the machinery, a logistical 
impracticality on most HAER teams (see Fig. 
4.32). In some cases, photocopying selected 
blueprints may be sufficient to document 
equipment to the Secretary's Standards, thus 
freeing the team to concentrate on other site 
features. Reproductions of suitable drawings 
can serve as underlays for inked drawings or 
be scanned for CAD work. 

These characteristics can save you time, since 
you won't have to duplicate measurements. 
You may need only one side of a frame if both 
sides are the same; asymmetrical features are 
all that will need measurement on a matching 
side. Multiples of the same part mean you 
only need to dimension one of them. 

All machinery has a base or frame which 
supports and aligns its active parts. These 
frames and bases provide built-in datum 
planes from which you can measure to other 
features or to centerline of shafts, and the 
surfaces of rotating and sliding parts. The 
bottoms of bases are usually level, unless 
foundations have deteriorated or some special 
condition dictates an unusual mounting. Most 
active machinery parts either slide, rotate, or 
reciprocate, and those that won't are usually 
power transmission devices like belts, chains, 
shafts, or connecting rods. Study each 
machine and figure out how it operates, if you 
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cannot observe it in motion. An understanding 
of its operation will help you simplify your 
notes and avoid taking misleading or 
unnecessary measurements. It is more 
important to measure the configuration of 
parts whose relationship does not change as a 
machine operates rather than dimension 
changing relationships. For example, on a 
reciprocating steam engine, it is more 
important to have the length of the connecting 
rod from the wrist pin to the crank pin and the 
throw of the crankpin, than it is to measure the 
distance of the wrist pin from the cylinder 
head. The connecting rod and crankpin 
dimensions never change: the position of the 
wrist pin is always changing as the engine 
runs, although the possible positions are 
limited by the geometry of the rod length and 
crank throw. 

Always record center lines before details. 
Locate major center lines of bases, shafts, 
cylinders, motors, gears, etc. from each other 
and from primary reference surfaces such as 
bases or datum planes. Your first sketches and 
dimensions should address only these center 
lines in elevation, plan, and section (see Fig. 
4.33). Look for physical features which define 
the centers of shafts, cylinders, and bases 
(such as center holes in shaft ends, bolts at 
frame center lines, joints in casings, bearings, 
castings). Where no physical indications are 
apparent, you will have to mark center lines 
by halving the widths of round and rectangular 
elements. Datum surfaces like bases can be 
artificially extended by placing a straight 2" x 
4" or long mason's level under the edge and 
leveling the level to it (check that the machine 
base is level first). Having done this, you can 
then measure up from the level to various 
center lines, swinging the level as needed to 
get in position. Plumb lines will "drop" center 
lines to a datum plane for horizontal position 
measurements (you can also use the vertical 
vials in a mason's level). Magnets can be used 
to hold tapes in place on iron or steel 
machinery. Once the defining center lines are 

documented, you can proceed to measure 
principal parts like pulley and gear diameters, 
and bearing sizes. Leave small (but important) 
details such as nuts and bolts, pulley spokes, 
and piping for last. See sections on field notes 
and field photography for further instructions. 

Fig. 4.33 
Machinery designed around center lines 

Pay particular attention to the angular or radial 
alignment of keys, spokes, part lines, molding 
lines, pins, bolts and other features of different 
parts around a common shaft (see Fig. 4.34). 
These can be measured using a level and 
protractor, or a combined protractor-level. 

TIP: Many parts such as fasteners, pipes, 
valves, structural steel sections, rails, chains, 
and cables come in standardized sizes dimen
sioned in engineer's handbooks or other 
references. These will save you time in 
dimensioning and labeling. Avoid measuring 
worn areas for principal cross sectional 
dimensions. 
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Almost all machinery comes with basic 
information cast into frames or embossed on 
manufacturer's plates mounted in a prominent 
place. All the information on these plates 
should be copied into your field notes. This 
data records the manufacturer's name, 
address, dates, serial numbers, model 
numbers, and often patent numbers. Further 
information pertinent to the machine may also 
be given, such as cylinder sizes, horsepower, 
voltage and amperage, pumping capacities, 
pressures, temperatures, lubrication and 
operation instructions, and safety procedures. 
Beyond this, recording of numbers and verbal 
information depends on its significance to the 
machine and the site. Numbers and letters cast 
into frames or embossed into parts may be part 
of a system of part numbers, mold numbers, or 
even serial numbers. Some may be match 
numbers used to show which parts should be 
joined after they have been disassembled for 
repair. 

Interpreting Industrial Processes 
Fig. 4.34 

Radial location of parts 

Frequently the significance of a site lies as 
much in the industrial process going on inside 
the buildings as it does in the buildings 
themselves or their machinery. You should 
carefully note the steps in manufacture of a 
product, or the way equipment is oriented and 
operated. You may need to trace pipes, belts, 
conveyors, tracks, shafts, canals, tunnels and 
wires in order to understand where, how and 
why materials and energy moved throughout 
the site. Specialized machinery and materials 
should be noted. Chemical reactions, 
quantities, temperatures, sequences, and 
byproducts should be determined where they 
are significant to a site's function. Electrical, 
mechanical, and hydraulic data should be 
recorded for systems where voltages, 
amperages, horsepower, pressures, and 
volumes are significant to operations. 

Points of wear on floors, equipment, or 
structures can offer meaningful clues to work 
patterns and flows of material and products. 
The age of equipment, manufacturing methods 
used, and working conditions will be of great 
interest to historians. The team historians' 
research and insights will be critical when the 
business has closed down, or the site has been 
partially dismantled. You will have to call on 
your imagination to piece operations together 
from holes in walls, "ghosts" on floors where 
machines once stood, structural alterations, 
and other silent features. 
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4.4 FIELD NOTES 

Field Note Material 

HAER uses 1 7"x22" gridded bond paper 
(sometimes called "layout paper" or "cross-
section paper"). This size folds conveniently 
to 8 " x 11" for storage in field notebooks and 
later filing at the Library of Congress 
(Standard III). These sheets may be glued 
together with a white glue (like"Elmer"s Glue-
all" or similar polyvinyl acetate (PVA) glues) 
for larger sheets, just so the notes fold 
conveniently to 8 " x 11" format. Tape is 
unacceptable because its adhesives fail 
quickly. Scraps of paper snatched from 
notepads, "post-ems", backs of envelopes and 
the like are unacceptable because they are 
easily lost. Torn or abraded field notes should 
be repaired with glued on strips of field note 
paper for permanence. 

There is an important exception to Standard III as 
applied to field notes: they need not be on 
archivally stable paper, because field notes are 
inevitably contaminated with dirt, perspiration, oils 
and other substances at industrial sites. If archival 
stability is an absolute must, notes should be 
copied over by hand onto clean archivally stable 
gridded paper, or reproduced electrostatically. 
Original notes must always be submitted to the 
Library of Congress. 

Sketches should be made in No. 2 pencil. 
Changes are easy to make, and graphite does 
not fade with time nor run if accidentally 
exposed to water (rain, etc.). Dimensions, 
dimension strings, and witness lines should 
always be recorded in red in order to clearly 
distinguish them from black pencil lines that 
denote structure (Standard IV). Use a red 
pencil or a pen with a good non-dye based 
ball-point ink. (Imagine how even Fig. 4.38 
would be improved with dimensional data in 
red!) Large mistakes should be crossed out 
rather than erased. Paper is cheap compared to 
your time. If erasures thin a spot in your 
paper, or there is too much pencil or ink to 
erase without tearing the paper, glue a patch 
of gridded paper over the spot. 

In order to meet the Secretary's Standards, 
every sheet of field notes should be clearly 
labeled with the following: 

1) Site name and location 
2) HAER Number (if known) 
3) Specific view in the note 
4) Names of note makers 
5) Date 

The field notes and photographs you make are 
the primary sources for your drawings 
(Standard II), hence they must be clear and 
legible (Standard IV). Field notes are 
transmitted to the Library of Congress along 
with your measured drawings; without the 
notes, your drawings have no back-up, and 
will be stamped with a disclaimer stating that 
your drawings cannot be verified. This chapter 
will give you time- and field-tested 
approaches which conserve time in the field 
and at the drawing board. 

First, think of your field notes and 
photographs purely as data storage systems. 
Their primary function is to record significant 
dimensional and relational data about your 
site (Standard I). All other purposes and 
expressions are secondary. The sketches you 
produce for field notes are merely a 
framework for presenting dimensional (not 
artistic) data, and showing the spatial 
relationships among various dimensions you 
record there. Rendering and shading should 
only be used where they are necessary for 
clarity (distinguishing various materials in 
section, making clear which side of a section 
line is solid, etc.). 

The following approach to field notes not only 
promotes clear and concise presentation of 
significant dimensions, but also is very easy to use 
at the drawing board or CAD station. The 
production of field notes should parallel the 
production of drawings. When you begin a 
preliminary drawing of an elevation, the first lines 
you draw should be the horizontal and vertical 
reference planes; all other dimensions should relate 
to them. Following this, the normal procedure is to 
block out the structure by drawing outlines of 
walls, foundations, column centers, or similar 
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determining structural features. Detailed items like 
windows, columns, machinery, etc. aren't 
placeable without these steps. From this point, you 
usually work in progressive stages from larger 
"blocks" or determinant features of the drawings 
down to the details. The details are not placeable 
until the larger context for them is drawn. 

The production of field notes and measurements 
should follow a similar progression. The first 
notes should show nothing but instrument set
ups and reference plane locations (see Fig. 4.35). 
The sketch of the structure or site plan need only 
have an outline—no windows or internal details 
are necessary unless they provide some non
verbal orientation that is faster or clearer to 
interpret than written notes. Written 
documentation of instruments used (even hand 
tools) and procedures are necessary to meet 
Standard II. Be sure you include a north arrow in 
plans. 

Field sketches may be thought of as bordering 
on the schematic (see Fig. 4.36). This is not 
meant to encourage sloppy work. Crudeness 
does not promote clarity (Standard IV). Nor 
should you treat field notes as cryptic shorthand 
reminders for your use only—notes must be 
intelligible to other users (including your team 
members) to meet the Secretary's Standards and 
enable the work of the team to proceed 
smoothly! Very often your notes will be used by 
another team member to produce a drawing. 

Field Note Organization 

Sketches should be made on only one side of a 
field note sheet, and sketches on a single sheet 
should be related. For example, if you begin a 
note on the elevation of a building, don't 
include plans of machinery in the building on 
the same sheet when details of the elevation 
would make more organizational sense. Floor 
plans should cover just floor plans, not other 
objects that don't appear in plans. This saves a 
great deal of time shuffling notes in search of 
scraps of information to produce a drawing. 

Types of Field Notes 

Each note should be devoted to a "layer" of 
detail or to the dimensions and locations of a 
similar class of features (such as windows, 
valves, pulley wheels, trestle bents, etc.). 
Repetitive details can be drawn once in field 
notes, and if necessary, a table of dimensions 
keyed to the sketch can record variations (see 
Fig. 4.42). 

The tendency among beginers is to try to cover 
everything for a final drawing in a single field 
sketch. Much time is spent drawing a view that 
looks similar to what is envisioned for the final 
ink drawing, right down to rivets, gear teeth, 
bricks and doorknobs. Architects love to draw 
and sketch, and field notes seem to be a 
wonderful outlet for their skill and training. 
However, artistic or architectural effect is not the 
point of field notes; complete, detailed sketch 
views are a waste of time. They are useless for 
dimensioning, because they are too crowded 
with line work to add many dimensions without 
turning the notes into a confusing mass of lines. 
Overworking sketches not only takes valuable 
time, it will slow you down during the drawing 
phase as you filter dimensions from complex 
line work (see Fig. 4.38). You will be far better 
off breaking a machine, such as appears in Fig. 
4.38, into layers of distinct information, as Fig. 
4.39 begins to demonstrate. Overworked 
sketches also have a tendency to give the false 
impression of completeness in the field. Only 
when you reach the drawing board do you 
discover that they are riddled with numerous 
omissions, errors, and confused markings. 

You will also find that you run out of room in 
complex sketches for all the dimensions you 
will need in order to make use of everything 
you drew, and then you will have to start 
another note in any case. Don't fall for the 
seduction that you are saving time by 
crowding notes; what time you save will be 
lost several times over rechecking 
measurements and puzzling over scribbles at 
your desk. If you think you need an overall 
picture to capture details, take a photograph! 
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Fig. 4.35 
Example of initial Field note of a structure 
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Fig. 4.36 
Schematic note of an elevation 

Fig. 4.37 
Elevation Details: How to handle repetitive details 
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Fig. 4.38 
An overworked sketch is useless for dimensioning 

Fig. 4.39 
Simplified notes that break machinery down are easier to read and faster to execute. 
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Use the grid on the field notes to draw things 
square, and use a cheap drugstore compass for 
circles. Take advantage of the symmetry 
typical of machine parts when you make 
sketches and record dimensions (see Fig. 
4.40). On occasion, deliberate exaggerations 
may be made in notes in order to record 
dimensions efficiently (see Fig. 4.41). Some 
long features may be foreshortened, for 
example, when all that is important is length--
the dimension will take care of that significant 
factor. In field notes, dimensions rule, not the 
proportions of sketches. Sketches drawn to 
scale are not recommended in most 
circumstances except for full-size profiles of 
moldings and certain sorts of rubbings. 

There are times when multiple sections, 
exploded sketch views, and perspectives will 
go far to clarifying the significant aspects of a 
site feature. Don't hesitate to dimension these 
sorts of sketches when appropriate. 

For highly complex planar detail (castings, 
gear teeth, lettering, architectural carvings, 
curvilinear features, etc.) consider making 
full-size rubbings of them. Rubbings capture 
shape and dimension simultaneously and edit 
out distracting details. The final note can be 

Fig. 4.40 
Using symmetry efficiently 

scanned or electrostatically reproduced to the 
scale of your preliminary drawings, thus 
saving drawing time. Rubbings should always 
be accompanied by overall measurements 
made directly from the object (not the 

Fig. 4.41 
Foreshortening sketch to record 

long dimensions. 

rubbing) as a check against the rubbing being 
distorted by slippage. The field note grid helps 
with distortion correction or hand digitization 
for CAD drawings. This rubbing (see Fig. 
4.43) was made from one of four flat legs of a 
valve spindle guide in the valve chest of a 
steam engine. In five minutes it captured the 
complex shape of the leg on a gridded 
reference while eliminating the overwhelming 
tedium of trying to accurately capture the 
curves with measurements. Photography was 
impossible due to the confines of the valve 
chamber. Once made, the rubbing was 
immediately traced onto a field note sheet, and 
supplementary details added to complete the 
field note (see Fig. 4.44). 

The accuracy of rubbings is greatly improved 
by carefully creasing the field note paper 
along the edges of the object with your 
fingernail or firm tool. The crease remains in 
the paper, and it can be traced with a pencil, 
thus avoiding the blurry mess caused by 
applying a crayon or graphite stick directly to 
the sheet over the object. (If one side of the 
rubbing becomes unusually dirty in the 
process, perhaps tracing the edges in pencil 
can be cleanly done on the reverse side of the 
field note.) Be careful not to depress the paper 
when you make creases, or the rubbing will be 
artificially stretched. Most rubbings can be 
held to tolerances of ±7, " o r ± 7 ". 

I o K 
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Annotat ions . Efficient field notes are a 
mixture of line sketches, dimensions and 
verbal annotations. Always label parts, rooms, 
materials, and special measurement conditions 
in order to meet Standards II and IV. 

Note: Remember that field notes arc not 
private reminders but public records which 
must be intelligible to anyone. 

Make references to other sketches (e.g. "see 
section A-A"), include dates and historical 
facts, or call attention to special conditions in 
your notes ("shape exaggerated for clarity", 
etc.). Record significant color attributes with 
the Munsell Book of Color. 

Fig. 4.42 
Tabulated dimensions 

Fig. 4.43 
Original rubbing of spindle leg 

Color 

The Secretary's Standards make no provision 
for the documentation of color, but it is 
occasionally a very significant factor in an 
industrial/architectural environment and 
should be documented under Standard I. 
Because archival color photography is not 
perfected, and accurate reproduction of color 
images is technically difficult, the problem 
can be solved by using the Munsell® Book of 
Color, an internationally accepted scientific 
color reference system. Color is recorded by 
comparing numbered color chips to a subject 
and recording the color numberwhen the 
proper chip is found. Color numbers can be 
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Fig. 4.44 
Final field note on gridded paper for valve spindle spider 

designated in field notes and final drawings. 
The problem of recordation and reproduction 
is at once simplified, but not entirely solved. 
The Munsell Book of Color and information 
on its use can be ordered from Macbeth, 
Division of Kollmorgen Instruments Corp., 
P.O. Box 230. Newburgh. NY 12551-0230; 
phone(914)565-7660. 

Clarity is achieved by recording what you did 
not do as well as what you accomplished. This 
applies particularly to situations where data 
might be expected; note what areas are 
inaccessible and why. Also annotate 
dimensions with an atypical error tolerance. 

4.5 FIELD PHOTOGRAPHY 

balance between dimensioned sketches and 
thoughtfully taken field photographs. The 
relative significance of each object and feature 
you document should guide how much you 
rely on either tool. The applications for field 
photographs are numerous. Aside from 
general survey photography at the site, 
photographs capture data about materials, 
textures, form, massing, condition, cracks, 
deformations, relative placement, quantities of 
objects (rivets, windows, spokes, and so on) 
far more quickly and concisely than could 
ever be done by sketching and measuring. At 
the drawing board or computer, they can be 
used to double-check and straighten out 
confusion in field notes without going back to 
the site. 

Like field notes, field photographs are data 
storage media. In addition to verifying 
dimensional data, they capture in minute detail 
the actual on-site appearance of an object. 
Most efficient field work will require a 

Your time is at a premium, so photographing 
secondary contextual details needed for 
documentation can save you much time over 
hand-recording them. You can reserve 
dimensioned sketches for more sisnificant 
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things, and fill in minor details from photos. 
Field photographs should never be taken as 
substitutes for measured field notes on 
features of primary significance. 

Aside from verifying measurements (Standard 
II), photos can be used to document and count 
things like clapboards, steps, line shaft 
bearings, insulators, brick courses, wall infill, 
bridge member webbing pieces, gear teeth, 
and the like. Photography is obviously far 
faster than sketching and measuring objects, 
but keep in mind that using photographs 
effectively to check field notes or derive 
dimensions wilL take time in your office. Due 
to the inevitable kinds of distortions in 
images, any derivation of measurements must 
be done carefully, and the process begins with 
appropriate set-ups in the field (see "4.5.5 
Types of Field Photography") 

NOTE: Often two or more photographs must 
be compared to narrow down tolerances. 

Any corrections or additions made to your 
field notes based on your field photographs 
should be so noted in your field notes 
(Standard II). If you derive a substantial 
number of dimensions of a feature from field 
photographs, you should make a dimensioned 
field sketch, and annotate it with references to 
field photographs you used (by roll number 
and image frame number). 

Equipment 

Camera equipment must be supplied by HAER 
team members. HAER supplies film and 
processing for HAER administered teams. 
Basic equipment is listed below: 

35mm camera 
assorted lenses (35-150mm zoom lens, 
or 35mm, 55mm normal, and 135mm 
telephoto lenses are suggested) 
flash unit 
cable release 
tripod 

A flash or photo flood lamp will help fill in 
shadows on bright days or light up dim 
interiors. Tripods and cable releases are 
needed for time exposures or photos taken 
with telephoto lenses. 

Lenses shorter than 35mm are discouraged 
because of the distortion they introduce into 
images, despite their greater covering power. 
(Exceptions would be made in the case of 
extremely cramped, spaces where restrictions 
won't allow longer lenses to "pull in" a view.) 
A 35mm lens tends to cover most of what the 
eye sees looking at a scene, but the edges of 
the camera image are distorted and are not as 
suitable for measurement as longer lenses. A 
55mm (or normal) lens introduces the least 
distortion across an image and it can be used 
for many measurement checking purposes. 
Longer lenses produce progressively flatter 
images, and if your camera is properly set up, 
they yield more useful pictures for scaling 
purposes. However, long lenses magnify 
camera shake and require higher shutter 
speeds or faster film to avoid blurred images. 

All field photography is done with black-and-
white film. HAER teams are supplied with 36-
exposure rolls of Kodak Tri-X (ISO 400) or 
equivalent. This film can record detail in dim 
areas without a flash, but with some sacrifice 
of detail in enlargements. Slower films are 
sometimes useful because of their finer grain 
and resolving power, but they are better used 
in bright light. 

Color Films. On some projects, a limited 
supply of color slide film will be provided for 
publicity or lecture purposes. This should not 
be used for field photographs. 

WARNING! Store all film and cameras in a 
cool place. Don't leave photo equipment in 
vehicles or tool boxes standing in direct 
sunlight. Excess heat alters film shelf life and 
exposure characteristics. Batteries and elec
tronic camera mechanisms can also be badly 
damaged. 

84 



Digital cameras and image formats are not 
accepted by HAER because of archival 
permanence and long-term data accessibility 
problems. Black-and-white film should be 
processed locally as soon as is practical. 

Team members are discouraged from 
attempting their own processing because of 
the time consumption. 

Contact sheets are required for field notebook 
filing. An 8-power eye loupe makes viewing 
easy. Enlargements should be ordered 
selectively. 

Types of Field Photography 

Oblique Photographs. Oblique photos are 
two- or three-point perspectives intended 
primarily for contextual coverage and only 
secondarily for any dimensioning purposes. In 
addition to general survey images, oblique 
photos are taken of specific features from 
several angles in order to record the 
relationships of significant details. Such 
photos enhance the use of field notes at the 
drawing board. 

Rectified Photographs. Sometimes a 
mechanical or architectural detail is so complex 
that hand-measurement is both time consuming 
and unsatisfactory in the number of plottable 
measurements obtained. If a rubbing is 
impractical because of the object's size, 
condition, or extent of projections and recessions 
from a flat plane, a rectified photograph can 
capture dimensional data quickly and with 
reasonable error tolerance—in fact, the 
photograph would probably be more reliable 
than a rubbing for dimensional purposes. The 
image scale on a rectified photo's horizontal and 
vertical axes is equal and uniform. For features il 
a plane parallel to the film plane there is little 
optical distortion, and measurements or tracings 
can be made from the image. For the most 
reliable and verifiable results, vertical and 
horizontal scale sticks should be placed on the 
subject (Standard II). You should also make a 
general overall field note with some key 
measurements to double-check against 
photographic distortion. 

Rectified photos can save a lot of hand 
sketching and dimensioning of extremely 
complex or detailed features. For example, 
smooth-faced or slightly rough rubble 
stonework in a mill building or canal lock wall 
could be recorded this way and transferred to 
a measured drawing. (Successive overlapping 
photos are needed for long horizontal objects.) 
Complex iron castings, gears, door hardware, 
and the like are fair game! 

Rectified photos are best limited to things that 
lie in fairly flat planes, since parallax errors 
unavoidably introduced by perspective effects 
can cause scaling problems and unacceptable 
distortions in objects that project or recede 
from the subject. The longer the lens you use, 
however, the more compressed a photo's 
foreground and background will appear. 
Projections and recessions gradually 
approximate the same scale as focal length 
increases (see Fig. 4.45). 

WARNING: Avoid scaling round objects like 
tanks from any photographs-parallax effects 
almost inevitably lead to errors except with 
small piping. 

A fast and accurate way to set up a rectified 
photograph only requires a mirror fixed in the 
plane of the subject whose image you wish to 
record. Your camera must be an SLR (single 
lens reflex) mounted on a tripod. As you look 
through the viewfinder, center the reflected 
image of the camera lens in the mirror in the 
center of the split-image (or microprism) 
focussing zone in your camera's viewfinder 
(see Fig. 4.47 for a schematic view). This will 
position the lens axis normal to the mirror 
plane and to the surface to which it is 
attached. The larger the mirror, the better its 
parallelism to the subject's surface can be 
assured. This method results in an undistorted 
image for the plane in which the mirror lies. 
(The mirror can be removed before tripping 
the shutter once the camera set-up is 
complete.) 
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Fig. 4.45 
Camera position and parallax errors 

Fig. 4.46 
Scale sticks 

Scaling and Plotting Dimensions 
from Field Photographs 

Scale sticks in each image enhance 
verifiability (Standard II), even though you 
have recorded the dimensions of photographed 
subjects in your field notes. 

The best scale stick is one painted in 
alternating black and white stripes (each a foot 
long) on lattice wood strips (about 3/8" x 1 1/ 
4" in section) available from a hardware 
store. For small details, a stick painted in 
inches or fractions of an inch will be useful 
(see Fig. 4.46). The numerals and graduations 
of folding rules and tapes are useable in close-
ups, but they are impossible to read when the 
camera is more than 10 feet away. Two or 
more legible scale sticks in the plane(s) of the 

object you wish to record is highly 
recommended for verifiability. 

TIP: If a horizontal or vertical datum plane 
passes through the photo field, you would do 
well to mark it (tight string or chalk line) and 
lay a scale stick near it for photos. 

Photos can solve a lot of dimensional 
confusions or conflicts in field notes without 
revisiting a site. Field photos are either 
rectified ("squared" or one-point perspective) 
photographs, or oblique views which have 
two- or three-point perspectives. Rectified or 
one-point perspectives are best for scaling, but 
oblique views can provide relative 
measurements or check measurements (of 
more or less accuracy) depending what 
information you want, and how you go about 
obtaining it. 
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TIP: In some cases you may find more 
information in negatives than prints. If you 
have problems seeing important details in an 
unexpected shadow of your contact print or 
enlargement, examine the negative under an 8x 
eye loupe. Be sure to protect the negative strip 
from fingerprints and scratches by enclosing it 
in a temporary transparent plastic negative 
sleeve. 

Fig. 4.47 
Schematic "Camera's Eye" view of 
rectified photo set-up with mirror 

A qualitative way to derive measurements 
from photographs is to count standardized or 
regularly spaced objects (bricks, chipboards, 
ceiling joists, structure bays, 
etc.). Dimensions of nearby features can be 
estimated by using these items as "measuring 
sticks". A brick facade virtually includes its 
own scales on all axes no matter whether a 
photo of it is rectified or oblique, since the 
brick grid is based on repeated unit lengths. 
Remember that your error tolerance is higher 
than for direct field measurements, and 
annotate your final drawings accordingly. This 
technique is especially useful for inaccessible 
heights or features whose significance does 
not justify the time and effort to physically 
measure them. 

There are two ways to scale a rectified image: 

1) From a bar scale included in the image: 
measure the bar scale in the image with an 
architect's or engineer's scale, and calculate the 
image scale. The image scale in Fig. 4.48 is 
0.915"=l'-0"(or 1" in the image equals V'-lV" 

» «_ l (-,4 

on the original object). From here, you obtain 
other dimensions by simple proportions. You 
also may use a pair of dividers to pick the 
dimension desired from the image and compare 
it to the scale included in the image (see Fig. 
4.48). This works with confidence only if you 
obtain measurements within the same plane as 
the one in which the scale appears. 

2) For photos that do not include a bar scale, use 
a known dimension from field measurements to 
calculate the scale of the image, then derive 
other dimensions by simple proportions. If you 
have field measurements of several features 
from different planes within a photo, you may be 
able to scale other things. 

Fig. 4.48 
Rectified photo with scale: set up 

with mirror, shot with 200mm lens 

A planar feature in a truly rectified photo (like 
Fig. 4.49) can be traced, and the line drawing 
reduced to your preliminary drawing scale (see 
Fig. 4.50). Do not go to the trouble of trying to 
order an enlargement of the field photograph to a 
specific scale (something most photo labs will 
not do, or won't do accurately or cheaply!). This 
can help particularly with complex curves, 
scrollwork, ironwork, windows, signage, 
stonework, and so forth 
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Fig. 4.49 
Compound curves in flange of this water 

valve can be traced"to scale 

Fig. 4.50 
Outline of flange with ends of 2-foot 

scale marked, ready for reduction. 

Oblique views are more difficult to scale 
because perspective convergence is always 
changing the image scale. If an image is a two-
point perspective (all verticals are parallel), then 
the easiest dimensions to scale are vertical ones. 
If you trace the converging lines of the image to 
the vanishing points, you can use the points to 
transfer vertical scales from a known plane 
"forward" or "backward" into other planes along 
the vanishing lines. Heights of other features can 
be calculated by simple proportions (see Fig 
4.51). Scale approaching the vanishing points, 
however,is progressively more difficult to 
determine since convergence of parallel lines 
shortens image scale dramatically (increasing 
error). Grazing views are useless. Scale (or 

relative proportions) can be stepped off along a 
vanishing line using various laws of perspective 
(e.g. proportions of similar triangles, Fig. 4.52). 
Under some circumstances plans or elevations 
can be derived from oblique views if vanishing 
points can be determined accurately (reverse 
perspective analysis), and there are one or more 
known dimensions for features in the photo. For 
best results, the camera lens focal length should 
be known. 

Some measurements from photos should be 
added to your field notes. If drawing a 
particular feature is based significantly on 
dimensions from field photos, a special field 
note should be drawn in which those 
dimensions are recorded. 

The techniques mentioned above apply 
equally well to historic photographs. 
Dimensional analysis of historic photos may 
yield significant information about a structure 
or site. You may be able to date the 
photograph or the structure, depending on 
what you know of the site's construction 
history, for example. You may be able to fill 
in gaps in the written record from data 
obtained from a photo. 

4.6 SUBMITTING FIELD NOTES and 
FIELD PHOTOGRAPHS 

All field notes must be filed in printed HAER 
field note folders (see Fig. 4.53). Field notes 
should be organized in a manner appropriate 
to the site you are recording (e.g. by building, 
floor, machine, elevation, etc.). Fill in every 
blank on every folder. 

In order to meet the Secretary's Standards, 
every sheet of field notes should be clearly 
block lettered in pencil as follows: 

1) Site name 
2) Site location 
3) HAER Number (if known) 
4) Specific view(s) in the note 
5) Names of note makers 
6) Date notes were made 
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Fig 4.51 
Using perspective convergence and simple proportions to calculate heights 

Fig. 4.52 
Calculating lenghts using simple proportions and similar triangles 
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A Field Photo Identification Sheet must be 
filled out by the recording team for each roll 
of film in order to meet the 
Secretary'sStandards (see Fig. 4.54). 
Unidentified photographs fail to meet 
Standards II and IV. The blanks on each sheet 
must be completely filled out with site name, 
project number, photographers' names and 
dates, etc. Each image should be numbered 
according to the frame numbers on the 
negative strips. If certain exposures did not 
turn out, caption them as "blank", 
"underexposed", etc. Be sure to give 
particulars such as building names, compass 
directions, names of objects and specific 
reasons why the image was taken. 

After processing, every contact sheet and its 
corresponding film strips must be 
identified by a HAER number and film 
roll number (see Fig. 4.55). Film strips should 
be labeled on the shiny side with drafting ink 
and a #0 [.35mm] pen, each letter or numeral 
between a sprocket hole (never in the image 
area). Individual film strips should be stored 
in separate acid-free archival envelopes 
labeled in No. 1 pencil with the HAER number 
and roll number. Contact sheets and film 
envelopes shall be filed in labeled HAER field 
note folders. 

Consult HABSIHAER Transmittal Guidelines 
for further transmittal details. 

You know your site and field procedures 
better than anyone else; HAER staff in 
Washington or regional offices cannot do this 
task for you. 
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Fig. 4.53 
Properly labeled field note folder and field note 
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National Park Service 
Photo Identification Sheet 

PHOTOGRAPHER 

Location Building 

Date 

Field Film # 

HABS # 

HAER # 

Elevation/View 

WASO-29 

Fie. 4.54 
Field photo identification sheet 
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Fig. 4.55 
Labeled 35mm film strip and labeled archival paper negative sleeve 
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4.7 PRELIMINARY DRAWINGS 

In hand-drawn measured drawings, 
preliminary drawings are the underlays from 
which final ink drawings are traced. In this 
phase, the final details of sheet content and 
composition are worked out for each sheet in a 
project. It is assumed by this point that you 
have already finalized the drawing schedule 
for your project. 

Preliminary drawings are more than just a 
development tool for final drawings, however. 
They are the proving ground for your field 
work. If your notes, measurements and 
photographs were properly and thoroughly 
taken, your preliminary drawings should 
proceed smoothly. Errors and omissions will 
become evident when points refuse to plot, 
dimensions conflict or don't add up, and 
spaces refuse to close. Because preliminary 
drawings test the validity of your field work, 
it is imperative to begin them as soon as 
possible. Don't wait for one-third of your 
project schedule to pass before you begin 
them just because field work is estimated to 
take one-third of the total hours available! 

NOTE: Preliminary drawings provide invalu
able feed-back for directing and correcting 
your field methods and note taking procedures, 
thus leading to good field notes and final 
drawings. Begin them as soon as you have 
notes complete enough to plot. 

Strategy. Preliminary drawings are somewhat 
analogous to the form work and scaffolding 
for concrete construction. They don't have to 
be pretty, but they do have to be accurate 
(Standard II), since final drawings are traced 
from them. There are several materials and 
techniques which can be used to preserve 
accuracy and save you time in this phase: you 
may think of others. Be sure to read Sections 
4.8-4.9 since they contain many drawing 
guidelines which apply also at the 
preliminary drawing phase. 

Preliminary drawings may be spliced or 
layered at will to arrive at accurate results. 
Repeated features whose dimensions do not 

vary can be electrostatically copied and taped 
to their locations instead of laboriously 
redrafted. Electrostatic and photographic 
images of other kinds (e.g. reductions of 
rubbings or traced rectified photographs) can 
be spliced into preliminary drawings to speed 
production. This is where preliminary 
drawings function like form work for 
"molding" each final drawing. Lettering for 
text composed by team historians can be laid 
out in draft form by hand (or word processor) 
and moved about each drawing to find the best 
size, weight, and layout for meeting Standard 
IV and the stipulations set out in Section 4.7. 
Reference lines and grids can be drawn on the 
back of the sheet to avoid damage when line 
work on the front needs erasure. 

Always check the accuracy of your drawing 
set by occasionally overlaying preliminary 
elevations, plans and sections and looking for 
mismatched datum lines, windows, walls, 
columns, machinery, and other features. 

While you are drawing, allow yourself time to 
write down notes and labels on the sheets as 
you think of them for possible inclusion in 
final drawings. Copy principal dimensions 
from field notes onto your preliminary sheets 
so you don't have to search for them again 
later. Keep a separate list of conflicts and 
questions to resolve back at the site. 

Preliminary drawings are transmitted along 
with field notes to the Library of Congress. 
Two media are recommended for preliminary 
drawings: drafting vellums and polyester films 
(commonly called Mylar®). The surfaces of 
drafting vellums are designed for clean 
drawing in pencil and ink, unlike bond papers. 
However, vellums (like most papers) expand 
and contract with humidity changes, 
sometimes as much as 5%. While more 
expensive, polyester films are immune to 
humidity fluctuations, and change dimension 
only very slightly on exposure to heat (as from 
a hot drafting lamp bulb). Preliminary 
drawings should never be done on HAER 
Mylar sheets. 
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Drafting Equipment 

Teams administered by HAER are usually sent 
the drafting tools listed below (this does not 
mean team members may not bring or use their 
own). Most of this equipment is widely available 
and would be needed by anyone producing 
measured drawings by hand. 

Parallel bar 
12" architect's and engineer's scales 
Triangles, ranging from 3" to 12" sizes, in both 

30760° and 45745° 
Adjustable triangles, in 8" and 12" sizes 
Protractors 
Ames lettering guides 
Templates with graduated sizes of circles, 

ellipses, or specialized shapes 
French curves 
Bow compasses 
Beam compasses 
Universal compass adapter (for using pencils 

and pens with various compasses) 
Drafting lead holders and graphite leads (2H to 

9H hardness) for preliminary drawings only 
Lead pointers 
Technical pens (for ink) in the following sizes 

(These pen sizes vary slightly among 
manufacturers): 

6x0 (0.13mm, 0.005 in)* 
4x0 (0.18mm, 0.007 in) 
3x0 (0.25mm, 0.010 in) 
2x0 (0.30mm, 0.012 in) 
0 (0.35mm, 0.014 in) 
1 (0.50mm, 0.020 in) 
2 (0.60mm, 0.024 in) 

2-1/2 (0.70mm, 0.028 in) 
3 (0.80mm, 0.031 in) 
4 (1.20mm, 0.047 in) 

*rarely used 

Acetate ink (black, e.g. Pelikan-FT®) 
Erasers (vinyl or plastic for both vellum and 

mylar) 
Erasing shields 
Drafting tape 
Table brushes 
"X-Acto" knife and blades (or equivalent) 
Mechanical lettering set (K&E "Leroy" or 

equivalent) 

Roll of polyester film or drafting vellum 
HAER mylar sheets 

A calculator (with trigonometric functions) is 
recommended but not supplied by HAER. 

It is good practice to check architect's (and 
engineer's) scales against one another—it 
occasionally happens that one or two scales 
are inaccurate and do not match the others. 
Failure to find these nonconformists can lead 
to problems when an inaccurate scale is used 
with accurate ones on the same drawing. 
Parallel bars should be checked for 
straightness and triangles for squareness. 

TIP: To check a parallel bar. draw a line the 
length of the bar using one edge; then turn the 
bar end-for-end (same side up) and draw 
another line close to the first using the same 
edge employed earlier. Any bowing between 
the lines is an indication that the bar is bent. To 
check a triangle for squareness, set it on a 
straight parallel bar and draw a line at right 
angles to the bar: then flip the triangle to the 
other side of the line and draw a second line 
close to the first. If the lines diverge, the 
triangle isn't square and should be discarded. 

Adhesive-backed lettering and rendering 
materials such as Letratone™ and Kroy® are 
prohibited on final ink drawings submitted to 
HAER because their adhesives are not 
archivally stable. However, if their use in 
preliminary drawings will save time, enhance 
accuracy and solve problems, by all means use 
them. You may find it faster or cheaper to 
electrostatically copy some forms of rendering 
you find effective and attach it to your 
drawings as needed. 

HAER Mylar 

HAER Mylar™ is produced in three different 
sheet sizes with a standard HAER preprinted 
border. The sheet size and actual drawing area 
are given below: 

19"x24" (15-3/4" x 20-1/8") 
24"x36" (21-3/4" x 31-3/4") 
33"x44" (31-3/4" x 39-7/8") 
IMPORTANT NOTE: All sheets in a drawing 
set must be of the same size. 
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HAER sheets are only for final ink drawings. 
All preliminary pencil work should be done on 
separate materials. 

Only two orientations of the HAER drawing 
sheet are permissible: 

1) HORIZONTAL with title block to the RIGHT 

2) VERTICAL with title block at the BOTTOM 

Borders may be broken when the orientation, 
scale, or presentation of a subject requires it, 
but this is not an excuse for contrived effects or 
cramming views onto single sheets which would 
fit better at a smaller scale, or onto two sheets. 

Sheet Organization 

Generally a drawing set should be organized 
as follows: 

Title Sheet (with location maps) 
Site Plans 
Site Sections 
Building or Structure Plans 
Elevations 
Sections 
Details (plans and elevations, sections, 
exploded views, isometrics) 
Process Diagrams (isometrics, flow charts, 
schematics, etc.) 
Other interpretive views 

Do not trim the HAER sheets at the "Trim 
Line" marks. The Trim Line is a guide for 
trimming reproductions for presentation, not 
the standard size original sheets. 

CAUTION: Do not "'start'* pens on the edges 
of the mylar beyond the Trim Line. Since the 
edges will remain, these stray marks will have 
to be removed before a drawing will be 
accepted for transmittal. 

HAER sheets have a drawing surface on each 
side (double-matted). 

NOTE: Reserve the front side for all line work 
and labeling, and use the back for center lines, 
grids, poches, and rendering (e.g. clapboards, 
brick, etc.). This way, rendering mistakes can 
be erased without disturbing line work, and 
vice versa. 

Oily fingerprints, perspiration, and smudges 
cause ink lines to "bead" and fail to adhere. 
These can be quickly removed with naphtha 
(lighter fluid) or a chamois cloth without 
removing previously inked lines. 

WARNING! Never use acetone or aromatic 
solvents like toluene--these destroy the 
drawing surface. 

HAER sheets should be stored flat, or in a 
roll, never folded (creases are structurally 
weak, collect dirt, and spoil the image). Avoid 
kinking or crinkling sheets. 

Not all sites will receive coverage as complete as 
the list above, nor is it necessary to devote a 
minimum of a single sheet to each view or subject 
listed. The extent of documentation should depend 
first on the site's significance and the importance 
and number of specific features there, although 
other planning factors in your project's goals may 
affect the content of the drawing set. 

Title Page Layout. 

Each set of drawings must have an 
introductory title sheet, containing a brief 
historical summary, project credit statement, 
a graphic (historical view of the site) or major 
map or site plan, and location maps showing 
regional and local orientation. 

Heading. The record name of the site should 
go at the top of the sheet in letters at least 3/4" 
to 1-1/2" high. This name should match the 
record name listed on the Data Entry Sheet. 

TIP: Consider adapting the heading from an 
old company letterhead, signage, advertising, 
or other associated source if the style is 
sufficiently distinctive or attractive. 

Remember to note your source of the lettering 
style in such cases. If you have created a 
graphic which might be mistaken for 
something historical, be sure to state that it is 
not drawn from anything associated with the 
site. Examples appear in Section 4.8. 
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Site Location. (City and state, no county) 
Letters 5/8" to 1" high, all capitals or upper 
and lower case, underneath title lettering. 

Construction Year(s). Numerals 3/4" to 1 1/4" 
high, usually smaller than the title. 

Statement of Significance. A historical abstract 
highlighting the site's historic and/or 
engineering significance and important aspects 
of its history is hand-lettered on the title sheet. 
This statement is written by the project 
historians and its length should be coordinated 
with the architects. It should agree with the 
findings reported in the historians' final draft 
and should contain the essence of the report in 
not more than 200 to 400 words. 

Project Credit Statement. A project credit 
statement will be worded identically on all 
title sheets produced by a single recording 
team. Follow the model below: 

THIS RECORDING PROJECT IS PART OF 
THE HISTORIC AMERICAN ENGINEERING 
RECORD (HAER), A LONG-RANGE 
PROGRAM TO DOCUMENT 
HISTORICALLY SIGNIFICANT 
ENGINEERING, INDUSTRIAL, AND 
MARITIME WORKS IN THE UNITED 
STATES. THE HAER PROGRAM IS 
ADMINISTERED BY THE NATIONAL PARK 
SERVICE, U.S. DEPARTMENT OF THE 
INTERIOR. THE [name of project! 
RECORDING PROJECT WAS 
COSPONSORED DURING [THE SUMMER(S) 
OF (years) 1 BY HAER UNDER THE 
GENERAL DIRECTION OF [...] AND BY [list 
of all cosponsorsl . 

THE FIELD WORK, MEASURED 
DRAWINGS, HISTORICAL REPORTS AND 
PHOTOGRAPHS WERE PREPARED UNDER 
THE GENERAL DIRECTION OF [...], CHIEF, 
HAER, AND BY [namel . HAER 
PROJECT LEADER; [namel . 
HISTORIAN FIELD TEAM SUPERVISOR; 
AND [namel . ARCHITECT FIELD TEAM 
SUPERVISOR. THE rproiect namel 
TEAM CONSISTED OF [name, team 

title, school, for each team memberl . LARGE 
FORMAT PHOTOGRAPHY WAS DONE BY 
[name, schooll . 

The affiliations and professional status of the 
historians and delineators should be included as 
appropriate (e.g., name of university, or other 
organization from which the person came). 

Location Maps. Inclusion of location maps for 
the site is a requirement. The purpose is to 
clearly indicate where the site lies. Extraneous 
information should be avoided. It takes time to 
ink and confuses users. 

Typically, the site is pointed out within a state or 
region in a schematic map at a scale of 1 "=100 
miles or more. Major cities are labeled, with the 
site name itself in the largest, boldest lettering. 
Major geographic features (such as mountains or 
rivers) or the interstate highway system are not 
shown unless they have some crucial bearing on 
siting. Some sites are systems that cross state 
lines or connect numerous cities, in which case, 
the first location map is drawn at a larger scale 
to show more detail. 

The second location map is more detailed and is 
usually based on a USGS 7.5 minute quadrangle 
topographic map (scale 1 "=2,000'). The 
information in the USGS map must be carefully 
"'edited'" so that the site location is readily 
apparent without a glut of detail or radical loss 
of context. Do not trace topographic lines unless 
topography is critical historically to siting. 
Rivers, lakes, and other major geographic 
features must be shown. Trace and name only 
major streets in a town. Do not copy all the dots 
for individual buildings; such detail should be 
reserved for the site only, assuming it contains 
multiple structures in an area large enough to 
show at 1 "=2,000'. 

In addition to location maps some sites merit a 
large overall site plan on the title page to 
orient the user to a building complex, 
localized industrial system, or the surrounding 
community context. Scales should range 
between 1"=400' to 1"=100' depending on the 
site and its complexity. 
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UTM Numbers. The UTM (Universal 
Transverse Mercator) coordinates for the site 
must be determined, and lettered on the site 
location map. Add a prominent cross hair, a 
bold arrow and the site name to further clarify 
location in the map. See Section 5 
(Appendicies) for directions deriving UTM 
coordinates. 

Pictorial Graphic. Where a useful site plan 
would be too extensive to include on a title 
sheet, move it to the second sheet and 
substitute a principal elevation or an aerial 
view of the site. Pictorial views can be derived 
from photos (historic or current) and 
combined with well-designed graphics. 

Index to Drawing Set. This is only necessary 
for sets of 10 or more sheets. An index on the 
title sheet helps a user quickly locate 
particular views. If for some reason an index 
cannot be included on the title sheet indicate 
on the title sheet where it can be found (e.g., 
"Index: see Sheet 2"). 

4.8 ANNOTATING DRAWINGS. 

The following section has been developed to 
assist delineators in incorporating titles, notes, 
descriptions and other written data into their 
sheet layouts. The following examples are to be 
used as a guide for the size, quality, clarity and 
readability of drawings (Standard II). 

A hierarchical system of lettering sizes and 
weights will distinguish various types of verbal 
information and their relative significance. In 
general, large lettering with heavy line weights 
should be reserved for sheet titles and drawing 
titles, small lettering should be reserved for short 
labels and notes appearing on or near the 
drawings. Creativity with font styles is 
acceptable, especially with the project title on 
the title sheet where historic logos and typefaces 
can provide additional information. However, 
the font styles must not violate the principles of 
quality and clarity that the Secretary's Standards 
set forth and must be approved by a project 
leader in the Washington office before being 
used. 

NOTE. Mechanical block lettering, such as 
Leroy™ lettering templates or similar must be 
used in HAER sheet title blocks. See 
Figs.4.72-4.73 for further instructions. 

Computer Underlays 

With the wide variety of font styles and sizes 
that can be generated from the personal 
computers and printers today, it is 
recommended that "mock-ups" and underlays 
of text be generated and incorporated into the 
preliminary sheet layouts as soon as possible. 
These computer generated fonts can also serve 
as underlays for the final ink-on-Mylar 
drawings. 

Computer generated text, used as an underlay, 
will also assist the delineators in keeping font 
styles and sizes consistent and uniform 
throughout a set of drawings. This consistency 
contributes to the visual effectiveness and 
sense of unity in a drawing set. Other items 
that must remain graphically consistent 
throughout a project include graphic scales, 
diagrams and north arrows. Items such as 
these should not only be consistent but also be 
practical and sensible. They should contribute 
to the overall composition of a sheet and not 
be visually distracting. 

The following pages give examples of HAER 
drawings which remain clear and readable 
after reduction to 8 " x 1 1". The pages 
preceding the examples give the font sizes 
used to achieve this clarity. The font styles 
can change to suit the project, but 
minimum sizes must be strictly followed to 
ensure legibility at any size. 

In order to meet Standards II and IV, all keys 
and labels should use arrows pointing directly 
to denoted features. Putting a label in the 
vicinity of a feature does not guarantee 
unambiguous association in the minds of users 
who don't know your site. 
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Lettering Standards 

Lettering can make or break a drawing 
visually. Poor lettering is distracting and may 
unfairly reflect on the quality of your 
documentation. If you cannot letter well by 
hand, improve your technique or use a 
mechanical lettering system in order to meet 
Standard IV. 

Sheet Titles. (Not to be confused with Title 
Blocks or Title Sheets.) Every view must have 
a clear, thorough, unambiguous title: "Site 
Plan-1882," "North Elevation," "Section A-
A," etc. It should be in large lettering, 
prominently placed for recognition by users. 
Follow the lettering sizes and weights in Figs. 
4. . If necessary, underline titles to add visual 
emphasis. 

Labels and Keys. These two methods cite or 
describe different parts or features of a 
drawing. They may be used separately or 
together as the graphic layout of your sheet 
demands. Labels are best, since they directly 
name a part and point it out with an arrow. A 
key associates a numbered or lettered label in 
a list with a number-tagged (or letter-tagged) 
feature in a drawing. Keys are usually used 
where space is too cramped to permit labels. 
Use Arabic, not Roman numerals for number 
tags. 

Labels vs. Line work. Do not label or 
dimension over line work—it impairs clarity. 
Keep lettering outside of line work. If you 
have to letter across poches or other detailed 
areas of a drawing, erase enough line work to 
accommodate your label (Standard IV). 

Blurbs, Notes, Labels, and Keys. Blurbs, 
notes, labels, and keys should be composed by 
team historians. Important information should 
be conveyed and proper terminology used. 
Architects are responsible for graphically 
integrating these elements into the sheets. 

Blurbs should be limited in length and contain 
only the most important facts and 
observations. They should help the drawing 
document and interpret the resource. 

Notes. These are phrases or brief statements 
used to supplement graphic information. They 
may make a historical statement, describe a 
material or function, or give pertinent 
information on a piece of mechanical 
equipment (builders, patent numbers and 
dates, model numbers, serial numbers; 
mechanical specifications such as sizes, 
pressures, horsepowers, capacities, etc.) Notes 
also call attention to important documentary 
qualifications or field conditions, record 
bibliographical data, give Munsell color 
numbers, make observations, point out 
important speculations, or account for the 
accuracy of questionable-looking features in a 
drawing. 

Map Lettering. Maps are required for every 
HAER project. They range from small 
schematic maps of a state or region to detailed 
plans of a site and its context at scales as large 
as 20 feet to the inch. Different lettering sizes 
and styles should be used to distinguish 
various layers of information in a map. Keep 
Standard I firmly in mind when generating a 
map, concentrate on the significant factors and 
delete most other detail. Always label such 
things as state, county and city lines, rivers, 
and major highways to provide overall 
orientation. Stippling, solids, and water lines 
can be used to good effect, especially since 
HAER maps are black and white. Examples of 
proven mapping graphics can be found in 
Section 4.9. Examine maps from the U.S. 
Geological Survey, National Geographic 
Society, or major publishers like Rand-
McNally for further lettering and line work 
ideas. 
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Lettering Guide for 18"x24" and 24"x36" Sheets 

TITLES 
1. Titles for sheets should be 1 inch high and all upper case lettering, 

(suggested font - Times Bold 108pt) 

Sub-Titles 
2. Sub-Titles for drawings should be 3/4 inch high and upper/lower case lettering 

(suggested font - Times bold 78pt) 

Main Labels 
3. Main labels for drawings should be 

3/8 inch high and upper/lower case lettering, 
(suggested font - Times bold Italic 38pt) 

Minor Labels 
4. Minor labels for drawings should be 

1/4 inch high and upper/lower case lettering, 
(suggested font - Times bold Italic 24pt) 

General Text, Notes 
and Small Titles 

5. General text, notes, and small titles should 
be 3/16 high inch and upper/lowercase lettering, 
(suggested font - Universal Italic 16pt) 

DIMENSIONS AND SECONDARY KEYS 
6. Dimensions and secondary keys should 

be 1/8 inch high and all upper case lettering, 
(suggested font - Universal Italic 14pt) 

See Drawing on the next page 
for an example of a 24" x 36" 
drawing reduced to 8 '"x 1 1". 

The lettering styles may change 
to suit the project, but the sizes 
of lettering should not be 
changed. 

ABSOLUTELY NO LET
TERING LESS THAN 1/8" 
HIGH. 

Fig. 4.56 

1(K) 
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Lettering Guide for 34"x44" Sheets 

TITLES 
1. Titles for sheets should he 1 1/4 inch high and all upper case lettering, 

(sueaested font - Times Bold 134pt) 

Sub-Titles 
2. Sub-Titles for drawings should be 3/4 inch high and upper/lower case lettering. 

(suggested font - Times bold 78pt) 

Main Labels 
3. Main labels for drawings should be 

1/2 inch high and upper/lower case lettering, 
(suggested font - Times hold Italic 54pt) 

Minor Labels 
4. Minor labels for drawings should be 

3/8 inch high and upper/lower case lettering, 
(suggested font - Times bold Italic 42pt) 

General Text, Notes 
and Small Titles 
5. General text, notes, and small titles should 

be 1/4 high inch and upper/lower case lettering, 
(suggested font - Universal Italic 24pt) 

DIMENSIONS AND 
SECONDARY KEYS 
6. Dimensions and secondary keys should 

be 3/16 inch high and all upper case lettering, 
(suggested font - Universal Italic 18pt) 

See Drawing on the next page for an 
example of a 34" x 44" drawing reduced 
to 8 1/2-x 11". 

The lettering styles may change to suit the 
project, but the sizes of lettering should not 
be changed. 

ABSOLUTELY NO LETTERING LESS 
THAN 3/16" HIGH. 
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HAND LETTERING 
Unacceptable Styles 

HAER drawings are public records intended 
for 500 years' use. Lettering that is too 
stylized, elongated or badly formed falls into 

the "unacceptable" category because it is not 
very legible to the general public and does not 
reproduce well. It thus fails Standard IV. 

THE LANP THAT E0W1EP THE HACIENPA 

HE I K ) A pfANIyfl EMIOFvf; FROM VENEZUELA, 

hly VENEZUELAN - pom /ON , RON 

1845, ANP yU^EQUCNILY fOUNPEP TNE 

Too Vertically Elongated, middle 
horizontals are too high and the 
letter S is too stylized. 

N£,£ F-Fr^ R-.A.M ^ F TMB Ml^T^F" 
PE6?PP ^MAsEFf) 70 I7^UMB-MT 
INPLKrnr iAL ?\-TE# T H ^ ? U ^ M ^ U T 

S,0,R,P and Ns are too 
compressed, they will blur and run 
together when they are reduced. 

Very eccentric, hard to read, much 
too elongated. The letters 
U.O,A,R,P,H,N and W will run 
together and become illegible blobs 
when reduced. 

fdv^T fl^OK fLAN Just plain sloppy! 

Fig. 4.58 
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H O U S E S ( R I I U S ) 
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s N • r 

II K . I A K . E H E L T I N 6 
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HAND LETTERING 
Acceptable Styles 

Acceptable styles have well-rounded letters should be laid out before inking to check 
free of stylistic exaggerations. They read placement, spacing, spelling, hyphenation, 
easily at full size and at a reduced scale and and visual effect on drawing composition. A 
are adequately spaceed. Labels and blurbs word processor will speed layout. 

A BC D EFG H IJ KLM N 
O P Q FS T Id VWX YZ 

a b c d e f Q h i j k I m n 
opqrstuvxyz 

Lettering traced with No. 2 pen from computer generated underlay. 
(Suggested font: Universal Italic 36pt) 

A bC DEFGHIJKLMN 
O PQ RST LL VWX YZ 

a. h c d e f g h ij K I m n 
opqrstuv xy z 

Lettering traced with No. 1 pen from computer generated underlay. 
(Suggested font: Universal Italic 24pt) 

ABC DEFGHIJKLMN 
OPQRSTUVWXYZ 

a. b c d e fg H ij K I m n 
opqrstuv xy z 

Lettering traced with No. 0 pen from computer generated underlay. 
(Suggested font: Universal Italic 20pt) 

Fig. 4.59 
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TITLE SHEETS 
Title and Subtitle Lettering 

Acceptable styles of titles and subtitles can be 
generated from existing company letterheads, 
logos, advertising and newsletters. Lettering can 
also be traced from computer-generated fonts or 

generated by Leroy lettering templates (or 
equivalent). Cite sources for graphics used in 
titles (Standard II) to avoid confusion about their 
origin and authorship. 

THE BEEBE WINDMILL-1820 
BRIDGEHAMPTQN, LONG ISLAND, NEW YOEK 

Uneven spacing 

LAUREL VALLEY SUGAR 
PLANTATION 

Even spacing 
(keep areas between letters constant for even spacing) 

New titles can be generated by Leroy lettering 
templates (or equivalent). Such titles should be 
laid out in ink on vellum before inking them on 

mylar. Cut and tape vellum titles to adjust letter 
spacing, correct misspellings, and check visual 
composition. 

Fig. 4.60 
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4.9 INKING FINAL DRAWINGS 

Inking Techniques 

General Remarks. High-quality drafting is 
essential. To meet Standards II and IV 
drawings should be free of defects such as 
overrun or incomplete corners, mismatched 
meetings of curves and tangents, unfair 
curves, blobby, sloppy or streaked lines, 
irregularly spaced poche hatching, 
inconsistencies in repeated or concentric 
features, and poorly executed lettering. 

Only permanent, waterproof, carbon-based 
black inks formulated for drafting films 
("acetate inks") are permitted. Latex-based 
inks, while darker, deteriorate. (Acceptable 
inks include Pelikan-FT™, Koh-I-Noor™ 
"Universal Drawing Ink" or Pentel® "Ceran-
O-Matic".) 

Never use the following: Diluted ink, color 
inks or washes, markers, pencil, or adhesive-
backed products (e.g. dry transfer lettering or 
toning materials). 

CHART of RECOMMENDED LINE WEIGHTS 

Fig. 4.61 
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Pen Tip Line Width Application 

6 x 0 (0.13mm, 0.005 in.) Extreme detail (paired lines for window mullions, I-beam 
flange edges, other details in " scale drawings) 

4 x 0 (0.18mm, 0.007 in.) Small details (joints, brickwork and corrugations, patterned 
decking, floorboards, handrails, small bridge members, 
window sash, door panels, etc.) 

Poche patterns, stippling; dimension strings, witness lines, 
center lines, arrow lines 

3 x 0 (0.25mm, 0.010 in.) Small details (small piping and shafting, wires, small bridge 
members and machinery parts) 

2 x 0 (0.30mm, 0.012 in.) Outlines and edges of small areas and objects (window and 
door openings, small motors and machines, bridge truss 
diagonals, sections of steel structural members, dimension 
line arrow heads) 

0 (0.35mm, 0.014 in.) Outlines of medium-sized machinery, small wings of struc
tures at ' / " scale, projecting architectural details (roof 
overhangs, beltcourses), edges at V4" scale and larger 

1 (0.50mm, 0.020 in.) Edges of walls in plan at ' / " scale, edges of moderately sized 
structures and objects in section; small lettering (Vg" to 7 | 6" 
high), dimensions 

2 (0.60mm, 0.024 in.) Edges of walls in plan at ' / ' ' or larger scales, outlines of 
substantial building wings or entire structures; small 
lettering (7 | 6" to V|6" high), dimensions 

2 — — (0.70mm, 0.028 in.) Outlines and section lines; medium sized lettering (5/. " to 
high) 

3 ^ - ^ (0.80mm, 0.031 in.) Section and ground lines; large lettering (3/g" to 3/4") 

4 — — (1.20mm, 0.047 in.) Ground lines; very large lettering (" and larger) 



Most erasures can be made very easily with a 
slightly moistened vinyl drafting film eraser. Use 
rubbing alcohol to remove large inking errors and 
to clean pens. 

Line Weights. Use a variety of line weights to 
reflect the significance of various features 
(Standard I). Fig 4.61 gives baseline recommen
dations. Standards I and IV call on you to create 
a hierarchy of information with line weights so 
that users can clearly distinguish overall structure 
and form from substructures and details. Fore
ground and background can be conveyed by 
appropriate graduations of line weights. Draw
ings with a single line weight look dull and have 
very little visual organization; figure-ground 
effects create confusion. 

TIP: Make your own templates for specialized 
but frequently repeated features--the improve
ment in consistent appearance and rapid 
execution will pay you back for the time 
invested. 

TIP: test your delineation techniques by 
reducing a portion of your drawing to 25% size 
on an office copier. 

Ink Line "Joints". If a line stroke is interrupted, 
don't back up and restart it over the old line. 
Avoid blobs and put the pen tip down just 
beyond the end of the last stroke and continue 
inking. 

Views without outtlining tend to look "flat" and 
may introduce confusing figure/ground effects. 
Outllining is commonly misused to emphasize 
only the extreme edges and open spaces of a 
structure or object; this misuse often makes an 
element or feature appear to be in several differ
ent planes simultaneously. It is better to outline 
individually separate components of a structure 
or object which lie in different planes. As a rule, 
the must emphasis should be given to the largest, 
most important or most defining parts, or to those 
which lie in the foreground. Less dominant parts 
recieve less emphasis, while some recieve none 
at all. The overall drawing will be much more 
consistent and readable in its graphic logic. 

Similar rules apply to isometric and perspective 
drawings. 

Fig. 4.62 
Line Shadowing is a drafting convention that lends a third dimension to a drawing and helps clarify 
rrelationships between solids and open areas. It an also distinguish recessions and projections in plans, 
elevations and isometrics. 
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4.63 
Line Shading, like shadowing, is a convention used to convey the "roundness" of parts like tanks, 
pipes, shafts, castings, etc. It is time consuming but effective. Do not use it where it might be confused 
for structure, such as barrel or tank staving. 

Fig. 4.64 
Outlining is a more contemporary technique than line shadowing for giving a three-dimensional aspect 
to the drawing. It creates depth by surrounding feeatures with heavier (or lighter) lines in order to make 
features stand out from (or fall back into) the drawing plane. 
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4.10 STANDARD SYMBOLS 

Poches and Rendering. Poches and rendering are 
necessary to distinguish materials in plan and 
section (Standards I, II and IV); see Fig. 4.65. 
CONVENTIONAL BREAKS in structure and 
materials are shown in Fig. 4.66. Rotated sections 
show sectional information without drawing a 
separate view. STIPPLING can highlight features 
or create a sense of depth or roundness, but it is 
chiefly reserved for rendering masonry or 
concrete. Airbrush techniques are acceptable, 
though not often used by HAER. 

Linear and Axonometric Graphic Scale Bars. 
Direct scale references for reproductions, 
important to verification (Standard II). See Figs. 
4.68 and 4.69 for standard HAER formats. 

North Arrows. All site and structure plans must 
have unambiguous north arrows to indicate 
compass direction.(see Fig. 4.70). 

Locator Diagrams. In multiple sheets, clarity and 
convenience are promoted by including on each 
sheet a small schematic diagram where a plan, 
elevation or section is highlighted (see Fig. 4.71). 
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MATERIALS IN PLAN OR PROFILE 

Wood Metal; any material Glass Brick Stone 

Corrugated Metal Loose Rock Water Concrete Sand, Earth 

MATERIALS LN SECTION 

Cast Iron Wrought Iron Forged Steel Brass, bronze 

Aluminum Zinc, Lead, etc. Common Brick 

Concrete Stone Flexible Materials 

Sand Earth Crossgrain Wood Rock Water, liquids 

Wood (along grain) 

Fig. 4.65 
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Refractory Brick Glass, Porcelain 

Steel (cast, rolled) 

Electric Insulation Thermal Insulation 



CONVENTIONAL BREAKS 

Structural Shapes 

Rectangular Section 

Round Section 

Piping 

Wood 

Long Break (any material) 

ROTATED SECTIONS 
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DIMENSIONING 

1. Use a 3x0 (0.35mm) pen on 33"x44" sheets, 4x0 (0.18mm) on smaller sheets 

2. Minimum heights for numerals: 7,," on 33"x44" sheets. 7,," on 24"x36" sheets, }/J2" on 
19"x24" sheets 

Fig. 4.67 
Dimensioning conventions 

3. Do not dimension across line work; move the dimension or erase the line work before lettering. 

4. Place metric measurements inside parentheses after English ones, e.g. 12'-0" (3.66M); always 
round off metric figures to the nearest 0.01 meter. 

5. Conversion factors: one meter = 3'-37g", one foot = 0.3048 meter. 
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Fig. 4.68 
Graphic bar scales should be simple. Vertical lines ticking off distance are most significant-ink these 
with a 4x0 pen for sharpness and accuracy: l'-0" = 0.3048M, 1 M = 3'-3 3/8" to plot meteric scales at the 
same scale ratio as English scales. 

Fig. 4.69 
Axonometric (and isometric) scales must show scales and angls of all three axes in both English and 
Metric systems. There are various formats depending on space 
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Fig. 4.70 
North arrows should be clear and a consistent size on all sheets where they appear. No arrow circles 
should be less than 1" diameter on 24' x 36" sheets, or 1 1/2" on 34" x 44" sheets. Clarity is best met if 
the letter "N" or the word "North" is included 

Pig. 4.71 
Location diagrams are schematics which show the user where a plan, elevation, or section lies in a 
large building or complex documented on multiple sheets. 
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4.11 HAER SHEET TITLE BLOCKS 

Standard Sheet Title Blocks 

Preprinted title blocks on HAER sheets must 
be filled in using a Leroy lettering system (or 
equivalent) no hand lettering in accordance 
with directions below. Data Entry Sheets 
provide all necessary data. Lettering sizes are 
shown in Fig. 4.73. 

LEFT CORNER BLOCK 

The official name of the recording project, 
such as AVERY ISLAND SALT WORKS 
RECORDING PROJECT, is to be lettered 
here in capital letters. 

CENTER BLOCK 

Name of Site (Record Name): The record 
name is centered here (including date). The 
record name should be completely consistent 
with the one on the historical report and the 
DES form. For complexes and unusual 
circumstances, contact your HAER project 
leader. See also the HABSIHAER Transmittal 
Guidelines. No drawing view titles (e.g. "West 
Elevation") go here. 

Address: For urban areas, enter the number 
and street on which the site is located; if the 
site is extremely large, use boundary streets, 
but do not use "corner of . For rural areas, use 
only a road, route, river or other significant 
landmark. Do not use mileage or UTM 
coordinates. Use "Vicinity o f if the site is 
best located near a town or other recognizable 
landmark. For bridges, use"Spanning 
[river, street, etc.] at [street, highway, 
railroad, etc.] ". If there is no address, leave 
this area blank. Do not abbreviate "Road", 
"Route", "Street" etc. 

Location: Letter the name of the city (or 
vicinity) at the lower left of the block. Center 
the name of the county (or "independent 
city"), and letter the state at the lower right. 
All words are to be spelled out—no 
abbreviations for "county", or state. 

RIGHT CORNER BLOCK 

Record Number: This number is assigned by 
the HAER office. If you do not receive it, 
leave this space blank. It will be filled in later. 

Sheet Numbers: Indicate which sheet out of 
total number of sheets for the set. 

Date: The year of the site's construction 
should follow the record name on the same 
line, set off by two spaces. Years of 
significant modification may be required in 
addition, set off by commas. 

Library of Congress Number: Leave this 
space blank. It will be filled in by the Library 
of Congress. 

TITLE BLOCKS MUST BE THE SAME ON ALL SHEETS HAVING THE SAME HAER NUMBER 

Fig. 4.72 
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HAER SHEET TITLE BLOCKS 

Fig. 4.73 
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4.12 DRAWING EXAMPLES 

Introduction. The following section is 
complementary to previous sections. It 
showcases better examples of HAER drawings 
to illustrate how to meet the Secretary's 
Standards and the HAER guidelines. 

Structure. Each drawing is analyzed under 
the categories "Layout", "Delineation" and 
"Documentation". Issues of significance, 
verification, clarity, and conciseness are 
addressed, and how well drawings did or did 
not solve various complex problems. 

Individual remarks are tagged with + , • , - > , 
_ , or X as "rating" symbols denoting the 
following: 

•Excellent quality work, excellent solution to a 
problem, exemplary application of the 
Secretary's Standards 

•Good quality work, good solution to a 
problem, or appropriate application of 
Secretary's Standards. 

-^Significant quality or feature of drawing 

_ Detracting or minimally acceptable quality, 
solution, or application of the Secretary's 
Standards 

XAspect of drawing fails to meet one or more 
of the Secretary's Standards 

Many styles of delineation, lettering, 
interpretation and presentation are possible. 
Few drawings are "perfect models"--the 
selection here is intended to inspire you to 
think of options—especially in the first week 
of a project—and to keep various graphic 
examples and the Secretary's Standards in 
mind as your work progresses. 

Some errors are also highlighted. Many of the 
"mistakes" do not necessarily reflect the 
delineators' decisions, since drawing 
production is a team effort. Some subject 
matter and layouts reflect supervisors' 
decisions, not the delineators'. Lack of timely 
information can also be a problem in tight 
summer schedules. 

HAER staff may well supplement the 
selection of drawings in this manual with 
others from the HAER collection to guide 
specific teams on specific documentary 
approaches. 

The drawings produced by HAER are meant to 
last 500 years. Many delineators take 
advantage of the opportunity to do their best 
work. This selection is intended to be 
inspirational as well as instructive. We hope 
both you and the HAER collection will benefit 
permanently from your eager participation. 
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TITLE SHEET 

Buffalo Grain Elevators 

Layout 

+ Classic symmetrical layout with title centered 
at top, location maps centered beneath, and 
text columns at sides. 

Documentation 

+ The system of location maps does a beautiful 
job highlighting the significance of these grain 
elevators. 

+ Superb choice of title lettering style, grain 
graphic, and stippled illustrations of grain 
elevators. Notice how well these elements are 
interwoven and used to draw the eye. 

Delineation 

+ Line work and lettering are consistent, clean, 
crisp, and legible 

+ Elevators in waterfront map are poched black 
for emphasis; surrounding transportation 
context of waterways, streets and railroads is 
drawn in much lighter lines. 

+ Note difference in lettering styles between 
key, "Buffalo Harbor" and "Buffalo River"; 
this variety promotes clarity, as well as adding 
graphic richness. 

• Waterways are poched with wavy "water 
lines". This iconography is immediately 
interpretable. The resulting "gray" color 
contrasts well with thin lines for streets and 
black rectangles for recorded structures. 

_ Number tags in the harbor map are barely 
visible, whereas they show well in national 
map. 

_ If the outline of the United States weren't so 
recognizable, this map would suffer from 
figure-ground effects (which side of the line is 
water or land?) The addition of "water lines" 
used elsewhere would easily solve this 
problem. 

1) The local map shows where the recorded 
structures are located in Buffalo Harbor; 
related transportation systems are included, 
but all other features are omitted for clarity. 

2) Another map very boldly shows the trade 
routes for which the grain elevators were a 
terminus. Note how only significant cities are 
labeled. All other context is handled 
graphically. The note about the grain volume 
handled in Buffalo in 1924 quantifies the 
graphic information. A very efficient piece of 
work. 

3) The third map showing loss of trade is 
schematic, giving only involved cities and 
improved waterways, nothing else. The urge 
to "decorate" or clutter up space is completely 
curtailed. Both keys and labels are used as 
space requires. 

• Map sources are cited. 

X Were the title graphics and images of the grain 
elevators derived from other sources? No 
information is given, so the answer is 
ambiguous. A small note on the delineator's 
credit line would resolve this. 
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TITLE SHEET 

Slater Mill 

Layout Documentation 

+ This sheet is a multipurpose composition 
using an unusual point symmetry in its 
composition. On the whole it is quite 
successful. The mill building itself (and its 
history, visually presented) is immediately 
associated on either side with its locale and 
urban context. 

X The graphic scales are lost little orphans. 
What do they belong to? Why weren't they 
put with their respective maps? The margins 
for the lower right hand blurb then could have 
been aligned with the map borders above, 
analogous to the column at left. 

+ This sheet sums up the physical development 
of the mill building in a series of neat 
schematic isometrics accompanied by a 
schematic building footprint. It avoids what 
might have been a very tedious and space-
consuming series of site maps. 

• Basis for both maps is clearly stated. 

+ Note that the street grid for Providence in the 
location map is edited to permit the city of 
Pawtucket and the Slater Mill site to 
predominate. Slater Mill is the most 
significant label on the map. 

Delineation 

• Line work is clean and crisp: so is the 
lettering. 

•* In the site map, Slater Mill is very clearly 
"punched out" with black rendering as well as 
the largest lettering in the map. The label 
should perhaps have been even larger, 
however, given overall sheet composition, and 
the presence of equally heavily "punched out" 
north arrows. 
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TITLE SHEET 
Ship Balclutha 

Layout Documentation 

+ Classic symmetrical layout with centered title 
above, and centered profile (elevation) of 
vessel in middle of sheet. Text is distributed 
symmetrically about the graphics. 

+ The use of a banner and rope border to weave 
the vessel's historic names, builder, 
construction date, and outboard profile 
together is artful and appropriate. 

Delineation 

+ Line work and lettering is crisp, clean, 
consistent and very legible in reduction. 

k"' Use of script and serif lettering in title 
lettering helps visual character of sheet. 

+ Notes inform the reader that the profile is a 
compilation and reduction of larger-scale 
HAER drawings in the set, and that the 
figures used in the title composition are based 
on the vessel's figurehead. 

• Use of a graphic bar scale the full length of 
the vessel's profile makes it easy to scale or 
verify any dimension in the view. 

_This sheet is actually the first of two title 
sheets. The second sheet presents location 
maps and maps of the vessel's voyages, 
however, nothing on the first sheet indicates 
that the reader should consult the second one, 
just in case the first one is published alone (as 
it is here). 
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BRIDGE TITLE SHEET 

McMillin Bridge 

Layout 

• A basic but well-done layout that takes 
advantage of the symmetrical design of this 
concrete truss bridge. 

Documentation 

+ Note that the symmetry of the truss is used to 
advantage: the left half shows an elevation, 
the right half a longitudinal section. 

^ Lettering and elevation predominate above, 
text and maps below. A nice balance. 

•* Use of a state schematic to interrupt and 
overlap the location map boundary keeps the 
layout from being perfunctory. 

• This sheet combines necessary project 
documentation with a graphic elevation of the 
bridge. 

-> The U (for "upper") and L ("for lower") panel 
point notation is standard practice 

Delineation 

+ The use of steel reinforcing bar for lettering is 
clever, and its association with concrete work 
in the bridge is appropriate. 

+ The location maps are very boldly delineated, 
and very clear. Note that the border is 
shadowed to "pop" it from the sheet surface. 
Note also that the "bullseye" on the bridge is 
surrounded with white space so it isn't linked 
with the river or road. 

+ Note that the north arrow is reversed (white on 
black) so that a black arrow cannot be 
confused as a site element. 

• Note that the words "West Elevation" are 
heavily delineated, drawing the eye. 

_ The text lettering is bold and well-formed, but 
gives the impression of heavy-handedness. 

The half section is not properly labeled, 
however, so it could be overlooked or 
confused for an elevation by the unwary. 

On what is the bridge abutment based? It is 
doubtful that the recording team excavated it 
and measured it on site.... 
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BRIDGE TITLE SHEET 

Zoarville Station Bridge 

Layout Documentation 

^ Classic layout with title lettering above, and 
text symmetrical about a central graphic. 

• Template lettering in the heading is well 
handled except for spacing (kerning) of letters 
in "Zoarville". 

-> The bridge is pointed out with italic lettering, 
but the label is almost hidden being the same 
size as the town names. 

-> Considering the great significance of this 
bridge, it is interesting that the "shoes" or 
bearing points of the towers are neither 
detailed nor labeled as inaccessible. It is not 
clear from the drawing or labeling whether 
they are cast in concrete or built into 
stonework of some kind. (This omission is not 
addressed in the other sheets on this bridge 
either; it is important to document omissions, 
even if they are due to inaccessibility.) 

The portal elevation seems to have been used 
to corral a jumbled aggregation of map 
elements; this area should have been better 
organized. 

It appears from the text that the former 
location of this highly significant survivor can 
be determined. Why isn't it pointed out in the 
local map of Dover? 

_ The association of the graphic scale with both 
the shoestring local map and the state 
schematic is potentially confusing. 

X The enormous label for Ohio is disjunctive 
with the small schematic for the state—it 
virtually takes over the entire map 
aggregation. 

Delineation 

+ Line work is crisp and clean; the lettering is 
large, well-proportioned and well-executed-
highly legible. 

%/ The prominent heading is a nice touch. The 
portal elevation has been shadow-lined in 19th 
century style. 
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MAPS 

Battle Creek System: Site Plan 

Layout Documentation 

-* Juxtaposition of site profile with plan 
contributes to interpretive usefulness of this 
drawing. 

•" Classic organization with drawing above, text 
beneath. 

Delineation 

+ For all the lengthy blurb, the text is spare, 
lettering is large, well-formed and easy to 
read. 

-> Labels for powerhouses and towns are much 
larger and of different lettering style than 
those for creeks, though all are legible. 

•" Note the prominence of the words "Profile" 
and "Watershed"—the reader knows right 
away where to go to find out what he/she is 
looking at. 

+ This drawing expertly weaves together 
geographic information with hydrostatic and 
engineering information. It would have been 
an easy decision to cover this map with 
topographic lines in order to convey the 
extremely significant part topography plays in 
hydroelectric plant location and design. The 
delineator wisely left topo lines out in order to 
clearly display other more significant 
information. The point of topography to this 
system is not landscape or context, it is purely 
hydrostatic, and the team chose to convey this 
verbally. It would have been useful to put the 
elevations in the profile view, however. 

+ The relationship of water supply (creeks, 
canals) with powerhouses and primary 
powerhouse features (forebays and penstocks) 
within a geographic context (including roads) 
is all that is graphically addressed. All other 
data are omitted for clarity. 

-> Note that the key uses both number and letter 
tags. Note also that the number tags are 
consecutive throughout four sites, so there are 
no duplicates to cause confusion. 

-> UTM numbers for each powerhouse are 
prominently included. 
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MAPS 

Connellsville Coal & Coke Region c. 1956 

Layout Documentation 

+ This is an elegantly simple, clear, refined 
presentation of a large amount of data. 

Delineation 

+ A very restrained set of line weights, symbols 
and lettering styles was chosen and 
consistently applied to keep data relationships 
to the landscape clear. Even lettering sizes and 
styles each consistently serve a particular 
function. 

+ Highly distilled, significant information is 
presented without any extraneous or 
distracting data. Well done, with minor 
suggestions for improvement. 

X What source(s) form the basis for the map? It 
seems unlikely that a summer team derived all 
this data solely from scouting the region 
physically. 

-> The letters for the map title and "key" should 
be filled in to make them read more strongly 
and distinguish them from county labels. Size 
difference alone is not enough. 
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SITE PLANS 

East Broad Top Railroad & Coal Co. 

Layout Documentation 

+ Tightly packed, visually attractive 
composition. 

-> The organic shape of the railroad yard site 
seems to fight with regimented rectilinear text 
blocks. 

•" Aside from being a title sheet, this drawing 
focuses on the buildings of the railroad 
company. Vegetation is intentionally 
neglected. Tracks are reduced to schematics, 
though individual rails could have been drawn 
at this scale and still be resolved in reductions. 

-> The location of the route map within the 
stippled boundary of the site plan presents a 
peculiar incongruity. The route is significant 
information, and it is delineated differently 
from the site plan, but it still looks like a site 
feature. Not even the route map label clears up 
the confusion. 

+ The notes below the legend contain important 
qualifications as to the basis for the site plan. 

-> Where would the UTM coordinates lie on the 
large site plan? 

-> Why wasn't the USGS location map given the 
same orientation to north as the other two 
plans? 

Delineation 

+ Very cleanly delineated. 

+ Numerous rendering techniques enliven this 
plan and help a user to interpret it. The 
buildings are emphasized by outlining and 
rendering of the roofs. 

+ The lettering is clear and bold. The use of 
Leroy lettering and medium heavy pen gives a 
consistency of appearance that contrasts with 
and enhances the site plan. 
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SITE PLANS 

Boshell's Saw and Grist Mill 

Layout Documentation 

+ Juxtaposition of site plan and elevation 
permits easy interpretation of remains. 

• Sheet is very sensibly and neatly laid out. 
Title, text, images and maps occupy the top 
half, measured drawings occupy lower half. 

Delineation 

+ Site plan and elevation are very economically 
delineated. Line weights are well-chosen. 

+ Perspective sketch is very well delineated; it 
reads beautifully, a good complement to the 
measured drawings below. 

-* Notice different lettering styles and sizes and 
how well they are used. 

-* Note economy of location maps. Outline of 
Alabama shows Walker County and city of 
Birmingham; it is not cluttered with excessive 
names of cities or lines for roads and county 
boundaries. Site plan shows Lost Creek very 
prominently, plus nearby major road, railroad 
and mine site. 

• North arrow and bar scale are clear. 

+ An excellent example of a very condensed, 
refined, multi-faceted piece of documentation. 

+ Note how perspective view relates clearly to 
elevation and plan of site. 

_ North arrow not located in the "Site Location 
Map" 
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SITE PLAN and ELEVATION 

Laurel Valley Sugar Plantation: Drainage Plant 

Layout 

^ Juxtaposition of plan and elevation in 
principle permits immediate comparison, 
promotes fast comprehension of the site. 

Documentation 

-* Unlike photography, drawings can •"edit*' 
reality in order to separate significant 
information from the purely circumstantial. 

Delineation 

-> Adequate, but could be improved by outlining 
structures in heavier line weights, since they 
are the significant site features. 

X This drawing allows insignificant site features 
(trees) to "run all over" the structures, 
obscuring them. In this case, the vegetative 
context should have been omitted for clarity; 
it is not a designed feature. Photography can 
capture the context with far less effort. 

X Water is not rendered, making it hard to 
quickly and confidently distinguish it from 
land. 

X Tree outlines confuse outlines of foundations. 

X Lettering style is too condensed and hard to 
read. There is no distinction in size or line 
weight between the lettering for a text heading 
(e.g. "Drainage Wheel". "Menge Pump", etc.) 
and the accompanying text. 

X Drawing title "The Drain Machines..." is too 
small and too light. 

X The text and labels must be associated with 
something on site, but the lack of arrows and 
the presence of incidental trees makes the 
exact location of features ambiguous. 
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SITE PLANS 

Jaite Paper Mill 

Layout 

• The border-to-border delineation makes the 
layout straightforward. 

+ The map legend is located in a convenient 
corner where it doesn't obscure significant 
data. 

Delineation 

+ This is an excellent case of mixing line work, 
stippling, and black/white zones to 
communicate information. Notice that even 
white space is not "empty"! 

+ The topographic lines are beautifully handled. 
Being dashed, they are distinguishable and not 
confused with hard-edged geographic features 
such as roads, shores, woods. Topographic 
figures are neatly lettered, easily read. 

+ Punching out the mill and associated 
structures in black is very effective. It is a 
smart choice at this scale; no detail is lost. 

-* One wonders how much time all the stippling 
took. Was it done by hand, or with an 
airbrush? 

• Rendering for water distinguishes it clearly 
from all other geographic features, but the use 
of parallel lines seems a little contradictory to 
the curvilinear nature of the river and the 
surface of flowing water. 

_ Lettering for Cuyahoga Valley Line RR and 
Riverview Road should have run the other 
direction so as not to be upside down to the 
reader. Lettering should read from top to 
bottom. 

Documentation 

+ An excellent compilation of all the significant 
topographic, transportation, settlement and 
landscape features that form the physical 
context of the mill. Exemplary in its clarity. 

-> Note that the source maps for this drawing are 
documented in the map legend for 
verification. 
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DEVELOPMENTAL SITE PLANS 

Hardie-Tynes Manufacturing Company 

Layout Documentation 

+ Layout is extremely orderly. Three horizontal 
time period "zones" are each divided into a 
site plan, key/timeline, and text. Timelines are 
chronological and keyed systematically to 
buildings in each site plan. The downward 
flow of the key/timelines parallels the 
downward advance of time periods on the 
sheet. 

+ This sheet contains very tightly and expertly 
interwoven graphics, notes and text. The 
significant chronological developments of this 
site are very clearly and concisely laid out. 

_ Sheet title is included in record name block. 

Delineation 

+ Line work is extremely well executed. 

+ Poches are very finely graded in terms of their 
gray color, and they have not blocked up. 

+ Lettering is very clear. Notice weights, sizes, 
and styles of lettering used, and for what 
functions. 
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Layout 

CIVIL ENGINEERING & LANDSCAPE 

Generals Highway 

Documentation 

1/ Organized, easy to consult. 

Delineation 

v' The contrast between stippled photo views 
and linework is interesting. 

_ Poches designating ecological zones and tree 
types are a little coarse for the detail presented 
in the site plan. Stippling of various densities 
might have done the job more effectively. 

_ Lettering for subtitles and vegetation keys at 
bottom of sheet have an uncertain appearance. 
Subtitles should have been emphasized to 
establish hierarchy (underlining would have 
been a simple way to do this). Space between 
lines in each key definition should have been 
closed a little, and the spaces between key 
definitions opened up. 

_ The highway is very hard to pick out in the 
"Map of Vegetation Types". It should have 
been more boldly delineated. 

-* This highway was engineered for scenic 
purposes, and the vegetation is a significant 
part of that scenery. Therefore, it was 
important to document it. 
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PLANS and BUILDING EVOLUTION 

New York, New Haven & Hartford Railroad, Cos Cob Power Plant 

Layout Documentation 

•" Despite the use of borders and clear rectilinear 
zones for various functions in this drawing, 
there is an overall sense of visual complexity. 
This does not cause confusion, however. 
Perhaps the blocks for key plan, equipment 
evolution and north arrow resonate visually 
with the rectangular shapes of the building 
plan and give off the impression of being 
"buildings". This effect has not been allowed 
to get out of control. 

_ Do not include the drawing title with the 
record name in the title block. 

+ The cutaway schematics of the building show 
very graphically how equipment and its 
enclosure changed through time. Accompany
ing labels clarify basic questions. 

X The orientation between the plan and the 
cutaway schematics is not at all clearly stated 
or shown 

_ In the plan, cutaways of upper floor looking 
into basement level are very difficult to 
interpret. Stippling of basement areas 
accompanied by a prominent note would help 
resolve some of the ambiguity. 

Delineation 

• This sheet is boldly delineated without losing 
a touch for detail. 

+ Dates for the building evolution are very bold 
and clear, secondary notes are subordinate. 

+ The "Key Plan" is an efficient graphic for a 
locator diagram. 

Lack of adequate reference for the building 
plans. 
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SITE ISOMETRIC & PROCESS 

Republic Steel Corporation: Thomas Coke Ovens 

Layout 

-> Image and heading coexist well, but text and 
image seem to clash. Text might have been 
shepherded over into some of the blank space 
to the right. 

Documentation 

-> The structures at the site are shown without 
surrounding context so readers are focussed 
on the site. This kind of view could not be 
achieved with a photograph. 

Delineation 

+ Lines are clean and crisp. Detail is carefully 
executed where it interprets structures. 

+ Lettering system is very well thought out. 
After the prominent overall title, major plant 
divisions-coke plant and by-product plant-
are clearly marked in next largest lettering. 
Individual structures are lettered smaller. 
Smallest lettering is reserved for text. 

-> Production process is indicated by numbers 
keyed to descriptive text. No arrows are 
introduced to complicate the view. 

+ Basis for the drawing is given for verification. 
User is referred to an annotated list of sources 
in the HAER historical report. 
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BUILDING PLANS 

Battle Creek System: Inskip Power House 

Layout Documentation 

+ Very well done. Second floor lies above first, 
key is spacious and legible. 

Delineation 

+ Graphically this sheet is very strong. 
Delineation is crisp, and bold poche of walls 
brings out heavier outlines of machines and 
plays off lettering. 

f' Dimension strings are clear but do not 
compete with structure: no figure-ground 
effects. 
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+ Plans clearly and boldly capture significant 
machinery and underground penstock. 

1/ Sources for drawing are cited. 
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BUILDING PLANS COMPARISONS 

Republic Steel: Community and Worker Housing 1888-1928 

Layout 

+ Layout is very consistent and sensible. Each 
house has its own zone in which its plan and 
two elevations are shown. 

Documentation 

+ Sheet concisely and economically documents 
plans and elevations of three different types of 
workers' housing, at a level appropriate to 
their significance. 

Delineation 

+ Line work is very clean and crisp. 

»/ Rooms and materials are labeled, room sizes 
and building dimensions are given. 

+ Notice hierarchy of lettering. House label is 
largest, views next largest, rooms and 
materials smallest. Notice also where words 
are lettered in all capital letters, and where 
they are upper/lower case. 

• North arrows and bar scales read very clearly. 
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ELEVATIONS 

Ben Thresher's Mill 

Layout Documentation 

+ Good, uncomplicated layout. + Shape and texture of elevations are captured in 
fine detail. 

Delineation 

+ Fine delineation is augmented and given 
"color" by blackening in windows. Heavy line 
for title lettering mediates black windows with 
finer lines and lettering. Areas in shadow were 
stippled. 

-> Use of a horizontal datum plane would help 
reader understand various floor elevations. 

-> Attempt made to verbally record color scheme 
of building paint job. 

154 



155 



ISOMETRICS 

Block Island Southeast Light 

Layout Documentation 

+ Image dominates the sheet simply and 
effectively. Borders are artfully interrupted as 
needed. 

Delineation 

+ Delineation is careful, with line weights 
chosen to bring out three-dimensional illusion. 

+ Based on original drawings, this view was 
derived to show how the structure originally 
looked before various modifications were 
made. No photographs or aerial views were 
available as substitutes for this architectural 
exercise. 

-> While a note records the basis for the 
drawing, the date of the building's appearance 
is not clearly emphasized anywhere else. 

, North arrow was omitted. 
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ISOMETRICS 

Wright-Patterson Air Force Base - Operations & Flight Test Building 

Layout Documentation 

+ The juxtaposition of an isometric with a 
building plan permits comparison of two 
elevations with the plan, and helps readers 
visualize the building's massing. 

+ Composition is beautifully handled—every 
element from blurbs, notes, dimensions and 
images has its place. 

-> The design and massing of this structure is 
treated by this isometric in a view a reader 
would not see from the ground. 

+ The isometric gives the reader two elevations 
to inspect in relation to the plan below, a 
concise, efficient piece of documentation. 

X Metric overall dimensions are missing. 

Delineation 

+ Very crisp delineation work. 

*/ Black poche for walls in plan gives them 
enough contrast to "read" at the scale at which 
the plan is drawn. 

-> Stippling is achieved with an airbrush for 
speed. 

+ Title lettering is prominent and legible: there 
is no mistaking what reader is looking at. 
Notice that the title lettering was not poched, 
thus allowing the plan and linework to stand 
out most boldly. 

+ North arrow is a clever adaptation of an 
airplane silhouette, but the symbol needs the 
word "north" to make it interpretable to future 
generations of readers. 
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SECTIONS 

Ben Thresher's Mill 

Layout Documentation 

•" Very direct. Number key and labeling are 
discreetly but effectively handled. 

Delineation 

+ Line weights are varied to create effect of 
depth. Foreground machinery and structure 
are outlined in heavier lines that those in 
background; stone wall in basement is 
rendered in dotted lines in order to decrease 
competition with significant machinery. 

+ This highly detailed section captures the 
atmosphere of this vernacular industry—a 
combination cider mill, woodworking shop, 
and blacksmith shop. 

• Drawings vary from site conditions according 
to note. 

X Major segments of building aren't identified. 

• Lettering is harmonious with line work, 
doesn't dominate the drawing. 

^ Circled number tags work well to point out 
featured items without littering drawing. 

-> Black poche for ground establishes a solid 
base for the drawing. This zone would 
overpower the drawing if not for relief 
provided by lettering. White lettering is 
achieved by inking around blank mylar space-
-no white ink is used. This is not a 
recommended technique because of the 
amount of time it consumes. 
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SECTION 

Wollenburg Grain & Seed Elevator, 1912 

Layout Documentation 

+ Drawing serves both as a section and a 
process flow diagram. Text describes process, 
which is keyed by letter tags to machinery in 
drawing. 

Delineation 

+ Very fine delineation and lettering techniques. 
Note the kinds and "colors"' of poches used, 
and the even spacing of the hatchwork. 

+ Use of stippling to delineate and simulate 
grain is very appropriate. Note that arrows 
showing grain flow are stippled as well! 

+ Locator diagram in lower left is very clear 
indicator of where section plane lies in the 
volume of the grain elevator. 

•" Human figures add scale to drawing. 
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• Longitudinal section dominates sheet, text and 
details take secondary positions. 
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AXONOMETRICS 

Bald Mountain Mining Company, Bald Mountain Gold Mill 

Layout Documentation 

•* Diagonal direction of sheet and high 
viewpoint draws your eye into the drawing. 

Delineation 

• Relatively light line weight range doesn't hurt 
this drawing, probably because the rendering 
of wooden construction helps give form and 
orientation to the image. 

+ This kind of drawing strips building fabric 
from the site in order to show significant 
internal features. Primary machinery, bins, 
solution tanks and other devices are shown 
while building footprint is alluded to by 
columns cut off just above the foundations. 

+ High point of view keeps tanks and other 
machinery from overlapping each other; 
clarity is very good. 

_ Arrows in the agitator and thickener tanks are 
indistinct; same for mill rotation. 

+ Large lettering makes view very clear, and 
open face Roman lettering blends easily with 
line texture of the drawing. 

_ Capacities of tanksand bins are not given. 

•" Major functions of building are very 
prominently labeled. 
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CUTAWAY ISOMETRIC 

Connellsvillc Coal & Coke Region - Beehive Oven 

Layout Documentation 

+ The organization is very clear: prominent title, 
drawing, text blocks and scale are very 
distinguishable. 

_The right hand text block would stand out 
more clearly if there were a larger margin of 
white space around it. 

Delineation 

+ Excellent choice of line weights, very careful 
and conscientious delineation. Notice that the 
sectioned wall reads slightly darker than the 
facade. 

+ This cutaway shows clearly how the 
significant elements of a Connellsville oven 
were put together. It has the instructional feel 
of the construction process drawing which 
precedes it in the set. but without wasteful 
repetition. 

_The text blurbs would benefit from having 
titles in heavier lettering. As it is. user does 
not know which to read first (if either), or 
what the subject matter is. 

-> What is the buried pipe for? 

_ "Trunnel" needs an arrow and more white 
space around it to make the association 
between word and part clear. 

, The juxtaposition of the label '"earth" with an 
unnamed pipe is a bit contradictory. 

, North arrow was omitted 
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CUTAWAY ISOMETRIC 

Wright Patterson Air Force Base - Propeller Test Complex 

Layout Documentation 

+ Very good. A clear distinction between the 
structure and the machinery. Structure "cut
away's" are well placed and easily 
understood. 

+ This propeller test stand is opened up 
graphically to reveal significant interior 
machinery and controls. Neither a section nor 
elevations would convey what this drawing 
does so readily. 

Delineation 

+ The delineation of this drawing is very crisp 
and clean, nearly flawless. 

Although this is a detail drawing of 
machinery, a north arrow would be helpful. 

-A As you look at the drawing as a whole, the 
test stand loses emphasis compared to the 
rendering of the timber bombproofs (used to 
contain propeller pieces if it flies apart under 
test). The rendering of the bombproofs should 
be toned down, or that for the test stand 
beefed up. Both features are critical to the 
nature of this installation. 

-> Some stippling around the bases of the 
structures would give them a visual "solid 
ground" to stand on. 

-> Rivet detail in structural steel helps structure 
to read. 

+ Lettering is clear and bold. Title for sheet is 
prominent. 
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CUTAWAY ISOMETRIC 

U.S. Steel Duquesne Works Blast Furnace No. 1 

Layout 

+ Drawing, process and text rest very 
comfortably together. 

Delineation 

+ Delineation is bold and crisp. 

Documentation 

+ Drawing cuts into the blast furnace and 
stockhouse to show internal structure and 
operations. Process is implicit in the way this 
drawing is structured. Readers not only see 
the supply side of the operation, but also the 
smelting process. The text succinctly 
describes the operation. 

-> Rendering of sectioned materials is forthright 
and assists understanding of the structure. 

-> Extensive engineering drawing sources are 
cited. 

-* Notice shading lines on downcomers to give 
sense of roundness. 

North arrow omitted. 

+ Lettering is well chosen in terms of style, 
weight and placement. Major components of 
the installation receive largest labels. 
Rendering is erased where lettering is needed. 

_ Flow arrows in process diagram do not show 
very well—they need to be bolder. 
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CONCEPTS 

Block Island Southeast Light - Lenses 

Layout Documentation 

•* As concepts progress in time, so the sheet is 
divided into boldly labeled zones covering the 
development of lens concepts. 

^ For each "time zone", text is on the left, lens 
diagram on the right to facilitate comparison. 

Delineation 

• Line work is clean. 

_ Lettering size is adequate for legibility, but 
forms are uneven in size and spacing. 
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+ This drawing concisely diagrams and 
compares the progress in optical and 
manufacturing concepts that led to the 
development of the modern Fresnel lighthouse 
lens. 

+ Source for technical information is fully cited 
(verification). 
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CONCEPTS 

Block Island Southeast Light - Lens Orders 

Layout Documentation 

+ The table, text, and diagram (along with 
relevant notes) are shepherded into distinct 
zones and prominently labeled. The 
regimentation of boxes (other than for the 
table) is avoided. 

+ Text subjects are boldly labeled and organized. 

Delineation 

• Diagrams, table, and template lettering are 
clean and even. 

-> Note that lens element sections are blackened 
in for sharpness, boldness, and clarity. 

+ Note that lettering for labels of lens orders 
grows progressively smaller along with the 
orders, a thoughtful parallel graphic emphasis. 

-> This sheet explains the context of Block 
Island Light's lens order technology. 

+ The lens section diagram reduces the 
comparative lens orders to functional glass 
elements, leaving out frames and structure. 

+ Sources for technical data are thoroughly 
cited. 

+ Possible questions (e.g. visibility range, use of 
metric system) and misinterpretations (e.g. 
that the nested lens sections represent a single 
lens) are headed off in the text. 

^ Text is concise but intense in its content. 

•" Table condenses comparative characteristics 
of lens orders into a concise summary. 

Note that metric measurements (in which 
lenses are designed) are in bolder lettering 
than English conversions. 

-> Note that modem lens order designations are 
in bold lettering to emphasize their priority 
over historical ones. 
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TOOLS & MACHINERY 

Ben Thresher's Mill - Copy Lathe 

Layout 

+ Tight, orderly progression of orthographic 
views. Title and operational explanation are 
clear and easily understood. 

Documentation 

.This is a very early undocumented make of 
copy lathe, a fact not revealed to the reader on 
the sheet. 

Delineation 

• Cleanly delineated. 

•" Lettering is large and easily read in 
reductions; space is a little crowded. 

+ The sheet attempts to record the tool in 
enough detail that it could practically be 
reproduced from the drawing, since its 
ultimate disposition was uncertain. Notes of 
interest to mechanics, machinists and 
engineers are included (e.g. number of gear 
teeth, pitch of lead screw, kinds of materials), 
but the pulley sizes aren't noted. A user could 
scale them from the drawing. 

• The pattern-cutting process is reduced to its 
mechanical fundamentals; its juxtaposition to 
sections of the tool provide an easy 
connection between the two types of views. 
Nonetheless, the operative display still lacks 
motion. The arrows for the cutter and 
workpiece swirl about each other confusingly. 
The motions of an elliptical picture frame 
lathe (Old Schwamb Mill, HAER No. MA-12) 
with similar interpretive problems was 
documented with a flip animation sequence on 
the corners of the project historical report. 
(This low-tech, easily reproducible format 
accomplished the communication task.) 

• The pattern (changeable) is not pointed out in 
the plan view (when it should have been), nor 
is the follower labeled in the operative view. 
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MACHINERY 

Wilson Dam & Hydroelectric Plant, Turbine and Generator Unit 

Layout Documentation 

+ Sheet is very clearly divided into discreet 
zones: information blurb, cross section of 
powerhouse, and section of turbine and 
generator unit. 

-* Note how space of little significance in the 
turbine cross section has been adapted to 
display the key table. 

• Sheet nicely demonstrates dual use of label 
and number key systems. 

Delineation 

+ Delineation is very crisp and clean. Line 
weights have been very carefully chosen to 
emphasize the physical organization of the 
machinery without sacrificing detail. 

+ Lettering is very clear and consistent. View 
labels could have been done more clearly and 
in larger letters. 

+ Note how delineator took advantage of 
machinery's symmetry to display an elevation 
on the right side of the vertical center line, and 
a half-section on the left. 

• In this case the sheet title is part of the record 
name, therefore it is correct that it is included 
in the title block. 

_The difference between the half-section/half-
elevation views is not pointed out verbally, 
which could lead to confusion on the part of 
users not familiar with hydro-electric 
technology. 

_The relationship between the section of the 
powerhouse and that of the turbine-generator 
is not clearly pointed out. 

•> Some arrows indicating water flow in both 
sections would help users interpret the 
mechanics of hydropower. 

-* The use of a "scale man" figure might help 
users appreciate the size of this unit more 
readily than the graphic scale. 
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MACHINERY 

Chambers - McKee Window Glass Company 

Layout Documentation 

-* The layout for this drawing makes a lot of 
sense; machine to left, critical parts to right 
with rollers on top (as they are in the 
machine) and debiteuse at the bottom (as it is 
in the machine). Small labels and lettering 
don't reinforce the organization as well as 
they should. 

Delineation 

X Linework and lettering seem timid; labeling is 
perfunctory, not large enough to give verbal 
organization to the sheet. 

-* It might have been wise to poche the 
debiteuse black in the machine section, just to 
make its location and function apparent. 

_ Poche for refractories is too coarse for scale 
of elements in the drawing. 

_ Sectioned structure should have heavy line at 
edges. 

+ The specific significant mechanical elements 
that define the Fourcault glass-drawing 
process are addressed here. The debiteuse and 
asbestos rollers are the keys to making glass 
by this process, as is the Fourcault machine 
with its temperature control. 

+ The temperature scale is both graphic and 
verbal, and a useful adjunct to understanding 
what is happening to the glass inside the 
machine; the location of the annealing point 
and its temperature are shown. 

X Dimensions of the debiteuse and rollers are 
not given verbally, and overall height of the 
Fourcault machine is not given in metric 
equivalent. 

X Direction of flow of molten glass is not 
indicated. 

_ Neither the width of the glass nor its range of 
thicknesses are noted; this is the place to put 
such information. 
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MACHINERY 

Quincy Mining Company, No. 2 Hoist House and Engine 

Layout Documentation 

• Straightforward centerline presentation. 

Delineation 

+ Very careful delineation for a complex object. 
Stippling used to give illusion of roundness 
(shade lines could be confused as structural 
parts). 

^ Key is very detailed, a bit crowded when all 
the available space is considered. 

• Scale man is a help in gauging size of 
machine. 

-* A machine this large and complex could not 
have been measured in one summer by a 
summer team. These views were compiled 
from several dozen blueprints and show a 
principal elevation and section. 

+ Parts and materials are extensively labeled. 

_ Source is cited, but not in detail, as would be 
desirable. 

_ No attempt is made to explain how this 
machine operated or what it did. 

Drawing is a little bit too dense and difficult 
to read. Putting the two views on separate 
sheets, at a slightly larger scale may have 
helped this problem. 
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INDUSTRIAL PROCESSES 

Huber Coal Breaker 

Layout Documentation 

+ The zones are clearly and boldly labeled. 

+ The diagram of mine run coal sizes is a nice 
touch-it gives a visual sense of the size coal 
being processed. 

• The drawing is clearly divided into two zones, 
one for the schematic flow diagram, the other 
for the illustrative process diagram. 

-> The isometric locator diagram in the lower 
left of the sheet is extremely helpful in 
associating the detached process diagram with 
the structure, but the locator is almost 
unnoticeable. It looks like one of the 
machines, and is not prominently labeled. 

Delineation 

+ Line work is bold and varied. Machines are 
readily identifiable, parts easily recognizable 
for comparison to large-format photographs 
and plans. 

• Lettering for machinery labels is larger and 
bolder than that for accompanying 
descriptions. This reflects relative significance 
of verbal information. 

+ This drawing interprets the physical 
machinery of the breaker in terms of the 
process flow diagram. The diagram indicates 
the numbers of machines and their 
interconnections. The drawing displays their 
physical appearance and some clues to their 
mechanical operation. 

+ The machinery, which is of primary 
significance, is abstracted for clarity from 
chutes, bins, and the breaker building 
structure. 

+ Bases for drawings is discussed in blurb titled 
"General Information". 

-> Views shown of primary machinery would not 
be obtainable photographically from within 
the building. 
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INDUSTRIAL PROCESS 

Picatinny Arsenal 500 Area Process Diagram 
(3 sheets) 

Layout Documentation 

+ Sheet is clearly organized into zones for 
diagrams and text. Sheets are clearly titled. 

Delineation 

+ Diagram is inked so that machinery takes 
visual priority over buildings. Buildings are 
ghosted for context, retaining distinctive 
architectural characteristics (e.g. escape slides, 
firewalls, ducting). 

^ Buildings are boldly numbered and labeled 
for easy cross-reference among text and 
bubble diagram. 

+ This diagram concentrates on the process at 
three parallel levels across three sheets. A 
schematic "bubble diagram" progresses along 
the bottom. Detailed verbal description of 
significant chemical events, conditions, and 
byproducts is covered next. Above that is a 
schematic drawing of the physical plant, 
associating chemical events with specific 
buildings and machines. 

+ Schematic of physical plant is keyed to large-
format photographs of buildings and HAER 
photocopies of original engineering drawings. 

+ Sources for technical data are fully cited. 
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INDUSTRIAL PROCESS 

Stockham Valves & Fittings Company 
Grey Iron Flow Diagram 

Layout Documentation 

*/ Layout uses point symmetry very effectively. 
Elements of the drawing are well 
proportioned. 

Delineation 

+ Lettering is consistent, well-formed and very 
legible. Note the hierarchy of title, subtitles, 
key subtitles, etc. 

• Delineation is strong and crisp. 

• Ellipses work well for number tags; they fit 
better than circles would in many spaces in 
the drawing. 

_ Half-headed arrow heads don't show up very 
well. Many flow arrows have reduced to mere 
lines with no prominence. 

+ Schematic flow diagram presents significant 
steps in mechanized casting process, while 
retaining details of tools and machinery that 
will make it easy to relate record photographs 
to the diagram. 

+ Text provides summary of advantages of 
mechanized system while number key 
describes process in great detail. 

+ General information paragraph describes 
sources for drawing and guides reader to more 
complete list in historical report. 

• Notes under each major space label tell reader 
what HAER sheets to go to for further detail 
on mechanized casting process. 

-> The addition of numbers to major space labels 
would help those unfamiliar with casting 
process to piece it together more quickly: 1-
Core Room, 2-Cupola, 3-Production. 
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SITE FLOW DIAGRAM 

Stockham Valves & Fittings Company 
Site Operations c. 1947 

Layout Documentation 

• Direct and clear. Plant isometric encircled by 
icons has symmetry to it. Four text blurbs are 
neatly and evenly laid out. 

Delineation 

• Delineation is'clean, crisp and direct. 

+ Icons make liberal use of black for impact. 
The icons draw the eye first, followed by the 
plant which they surround. 

+ Dashed lines and location "spots" make very 
distinctive indicators for activity locations. 
Dashed lines are used for no other purpose in 
this drawing. 

+ This drawing retains defining architectural 
characteristics of the Stockham plant while 
iconographically showing where human and 
mechanical activity took place. Process 
direction is indicated by rendered arrows. 

+ Icons clue readers to nature of activities 
(including human work context) at each step 
noted, while text describes activities in detail. 

^ Icon labels are legible but not distracting. 
Labels for various foundries and shops carry 
just the right amount of visual "weight". 

+ Annotation gives reader basis for the drawing 
and where to find further information. 
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SCHEMATIC FLOW DIAGRAMS 

Kennecott Copper Corporation, Concentration Mill Flow Sheet 

Layout Documentation 

+ Simple parallel linear flow. The milling 
process is gravity-assisted, so the diagram's 
analogous "flow" from top to bottom makes 
intuitive sense. It also follows the top-to-
bottom reading pattern. Numbered items in 
the key are fairly close to the tagged symbols 
in the flow chart. 

+ This is a straightforward flow diagram with 
descriptions of significant mechanical 
attributes of various machines. The machines 
themselves are reduced to mere symbols. 

_ Arrows denote flow direction, but carry no 
information about relative rates or quantities 
of flow. 

Delineation 

+ Very clear, simple delineation. 

• Lettering is notable for its lack of crowding, 
however, column headings should have been 
distinguished by bolder letters. 

Nowhere is it indicated how many tons of ore 
this mill processed in a day or how much 
water it used per ton of ore. Were any points 
in the process significant bottlenecks? 

Drawing Title should not be included in the 
record name in the title block. 

-* A poche in the title lettering would help 
enliven this sheet a bit. 
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CONSTRUCTION PROCESS 

Crawfish Creek Bridge 

Layout 

^ Good layout and cut-away technique to 
illustrate the bridge construction. 

Documentation 

+ This drawing shows significant construction 
forms, methods, and materials. 

Delineation 

• Adequate. Rendering immediately 
distinguishes stone, concrete, wood, earth, and 
water. 

+ Valuable reference is made to HAER record 
photographs of historic engineering drawings 
for details of concrete reinforcement 
dimensions and placement. 

-> How long did it take how many workers to 
build this bridge, start to finish? 

North arrow has been omitted. 
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Layout 

LARGE BRIDGES 

Washington Cantilever Bridges 

Documentation 

+ This drawing lays out bridges by length and 
by time line. 

_ Time lie is a little lost and difficult to read. 

Delineation 

-> Drawings of trusses are necessarily schematic 
at this scale, but the purpose of this drawing is 
comparison and documentation of 
development, not truss joint details. 

-> Small trusses can be hand measured, but large 
multispan or wide span structures are 
logistically impossible to hand-measure. 
Reliance on pre-existing engineering 
documentation is essential. HAER 
documentation of larger bridges becomes one 
of interpretation and synthesis of engineering 
themes. 
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BRIDGE CONNECTION DETAILS 

Zoarville Station Bridge 

Layout Documentation 

+ Exploded isometric views of bridge 
connections explain the engineering of bridge 
joints. This works for riveted as well as pin-
connected bridges and other trussed 
structures. 

-> Upper and lower chord joints are identified by 
industry standard letter codes "U" and "L". 
The subscripts number joints from the first 
joint on the chord beginning at the left end of 
the truss elevation. 

+ Cross-sectional sizes are given-essential data 
to studying the engineering of a truss bridge. 

200 

+ Sheet is filled with large, easy to view details. 
Similar sheets for other bridges include 
locator diagrams. 

Delineation 

+ Very strong clean delineation technique. It 
goes well with poched lettering and 
shadowing of hollow chord and vertical 
members. 
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BRIDGES - INTERPRETIVE 

Nisqually River Suspension Bridge 

Layout Documentation 

+ Very rational, organized layout. 

• Inclusion of key numbers in borders for 
bridge illustrations is a nice touch. 

+ This analysis of structural subsystems in a 
bridge structure of any type helps explain to 
the general public the function of each 
member. 

Delineation 

^ Very clean. Each subsystem is highlighted 
with heavy lines. 

•" Labeling is prominent and appropriate. 
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BRIDGES - INTERPRETIVE 

Baltimore and Ohio Railroad: Bollman Bridge 

Layout Documentation 

+ Straightforward diagonal format. 

Delineation 

»/ This sheet is nicely delineated. The variety of 
line weights and poches enhances what could 
have been a perfunctory schematic. 

+ Lettering is large, bold, clear, and blends well 
with the line work. 

_The graphic scale is a little awkward. 

+ This drawing does just what its annotation 
claims: it reconstructs a portion of this famous 
truss and indicates what pieces were 
archeologically recovered. It provides an 
interpretive context for those remains. 

_ Graphically the diagonals have come to 
dominate the drawing-something hard to 
avoid given this structure. But there is an 
important question left unaddressed: Are the 
diagonals part of the recovered remains, or the 
stipple-rendered cast iron? or both? What does 
the annotation mean by "highlighted"? The 
top chords and endposts appear solid (maybe 
they should have been dotted). These 
questions could be cleared up simply by 
listing what parts were recovered (and which 
weren't) just to forestall possible 
misunderstandings in this visually complex 
drawing. 

Some number tags need arrows in the drawing 
to clear up ambiguities. Bridge aficionados 
will know what the tags indicate, but someone 
new to historic trusses may find many of them 
uncertain. 
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PERSPECTIVE RECONSTRUCTION 

Adirondack Iron and Steel Company: "New Furnace" 

Layout Documentation 

+ Perspective view dominates, lettering 
subordinate. 

• Major components are in foreground, simple 
dam relegated to background. Water flow and 
action of blowing cylinders is implied. 

Delineation 

+ Very well controlled line weight selection. 
Note how details are handled with fine lines, 
while heavier lines outline overall 
components and "unite" them into appropriate 
subassemblies. 

+ Block lettering is very clean, large, and 
legible. It is executed in a strong but not harsh 
line weight. 

+ Note in corner gives multiple bases for 
development of this drawing. These notes 
even notify reader about hypothetical portions 
of the drawing, and the archeological basis for 
some of the parts. Excellent verification. 

+ This drawing presents a view impossible to 
photograph (due to site deterioration), and one 
for which no historical view is known. It 
represents a very significant piece of 
documentation for this site. 

Notice that vegetation and landscape 
surroundings are intentionally left out. The 
significant subject is the reconstruction of the 
blowing engines and dam. Nothing else is 
allowed to distract the viewers attention. 

The river banks are delineated with an 
unusual technique, it is somewhat effective 
but it is more of a distraction than a 
contribution to the illustration. 
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INTERPRETIVE DRAWINGS 

City Waterway (11th Street) Bridge 

Layout Documentation 

+ Very rational design. Context for lift system is 
shown at left, and specific components 
arranged at right in same relative orientation 
as in the bridge. 

Delineation 

-* Perhaps the entire subsystem in the 
axonometric should have been inked more 
boldly to make it stand out. 

_ The broken circles seem tentative and 
indefinite. A bold solid circle with large key 
number would work better and not pollute the 
linework of the bridge. 

+ This drawing is primarily intended to 
document the system that raises and lowers 
the lift span. However, it goes beyond the 
merely schematic to provide contextual detail 
with rivets in joints, webbing of bridge 
members, etc. 

-> Each detail is keyed to the axonometric at left. 

_ There are some specific engineering details 
that are not addressed in labels or keys. What 
is the gear ratio in the lifting mechanism? 
What is the cable diameter for the raising rope 
and the counterweight cables? How much 
does the lift span weigh, and how long does it 
take to raise/lower? What is the total lift? 

•" Lettering is bold and legible. 

+ Shaded number tags catch the eye. 
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INTERPRETIVE DRAWINGS 

Connellsville Coal & Coke Region - Oven Construction Process 

Layout Documentation 

+ Very clear organization of title, staged 
drawing, and verbal annotations. 

_ The amount of space to allow for text is a 
difficult compositional problem to solve in 
this case. Too much space is left for the 
graphic scale considering the scale's relative 
insignificance to this kind of drawing. The 
extra space might have been used to relieve 
crowding of text against the linework. 

+ A very clear, easy to comprehend presentation 
of significant materials and construction 
stages of beehive ovens. 

•" Annotations provide additional details on the 
construction process and materials. 

• The relationships between the text blocks and 
stages of construction holds up fairly well. 

Delineation 

+ Excellent line weight choices for the various 
progressions of oven construction. This 
drawing has a very rich texture in the areas 
where it matters. 

• Labels are a good size and clear style, but a 
little more line work should have been erased 
around them in order to keep them from 
getting lost in heavily rendered areas. 

-> Graphic scale seems a little awkward 
compared to formats that have been used in 
other drawings. 

-> Double lines for coarse sandstone front wall 
appear to have bled together in reduction, 
creating a heavier single line. 
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INTERPRETIVE DRAWINGS 

Trinity Site 

Layout Documentation 

•" Every available square inch has been filled 
with information. Despite the dominance of 
text, the sheet is well organized. 

Delineation 

+ The range of line weights and letter weights 
keeps this drawing from becoming completely 
"flat". 

^ The scale of the map forces crowding. The 
use of bold lettering helps readers find their 
way through the data and site. 

• Lettering is clear block lettering, easily read 
and reproduced. 

+ This documentation addresses a long-ignored 
aspect of a unique (and to many, disturbing) 
technological event-the first A-bomb test. 
The instrumentation used to record the test 
has been overlooked in published historical 
accounts. 

• The map concentrates schematically on the 
types and locations of test instruments. 
Building types, topography, etc., are omitted 
for clarity. The text mentions that many 
instruments were destroyed by the 
unanticipated force of the blast. The map 
could have been used to graphically indicate 
exactly where these were; did they fall within 
a certain radius? 
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COLOR 

Seattle City Light: Diablo Powerhouse 

Layout Documentation 

•" Various views and details are neatly laid out. 

Delineation 

+ Good, dynamic sheet layout, mixing several 
different elements of different scales on the 
same sheet can be a difficult task, this was 
done successfully on this sheet. 

_ The location and design of the graphic bar 
scale(s) is a little peculiar and confusing. 

_ Lettering for each view title is too small and 
understated. 

-> This drawing does a beautiful job of 
delineating the architectural qualities of a 
decorative fishpond and the tile pattern in the 
powerhouse main floor, but the documentation 
completely fails to address the colors of the 
tile work. Surely it isn't just black and 
white...or is it? Color is often a very important 
architectural characteristic. Munsell color 
numbers would take care of this problem 
effectively. 

_ Were these details hand-measured or based on 
existing drawings? No verification is 
provided. 

_ Is the view of the "Ceramic Tile Fishpond" an 
elevation or a plan? (Ponds are usually level, 
but this appears to be an elevation!) This 
confusion isn't resolved. 

X Is the "Tile Pattern: Main Floor" the floor of 
the lobby or of the fish pond bottom? Is the 
fish pond in the lobby or out-of-doors? 
Readers are left to wonder. 

X What metal is the railing made of? Iron or 
steel could be presumed, but aluminum was 
also in vogue in the 1930s. Don't leave 
readers assuming or guessing; clarify the 
issue. 
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COLOR 

McDonald Ranch at Trinity Site 

Layout Documentation 

•" Organization makes forthright use of sheet 
space; no crowding. 

-* Border around basement plan alone would 
have been satisfactory to separate plan from 
the stencil detail (extra border around stencil 
is unnecessary) 

%f Dimension strings give delineated features 
breathing space. 

Delineation 

+ Excellent. Poches for color indications in 
stencil are well chosen, distinctive, and 
consistently executed. 

-> This stenciling was documented because it is 
part of the decoration in the farmhouse where 
the first atomic bomb was assembled before 
its historic test. As a National Historic 
Landmark, details are important. The colors 
are annotated and neatly indicated by poches; 
however, Munsell color numbers would have 
been more certain and long-lasting color 
documentation. (What will "light mint green" 
mean in 300 years?) HAER has no other 
archival way to document significant color 
attributes when limited to a monochrome 
spectrum. 

-> Metric conversions for English measurements 
are only required for overall dimensions. 

+ Lettering is very well formed, well-sized and 
easy to read, even at this scale. 

•" Graphic scales and north arrow are prominent 
without dominating sheet. 
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4.13 BIBLIOGRAPHY 

The bibliography below is intended as an introduction to kinds of useful specialized manuals or 
books addressing technical and drawing subjects. Many of the manuals are out of print but are useful 
because they deal with obsolete technologies. Many may be helpful not just for field work but also 
for interpreting and understanding a historic industry's drawings and records. 

Drawing Surveying 

Baynes, Ken and Francis Pugh. The Art of the 
Engineer. Woodstock, NY: The Overlook 
Press, 1981. 

Cuff, David J. and Mark T. Mattson. Thematic 
Maps: Their Design and Production. New 
York, NY: Methuen & Co., 1982. 

Duff, Jon M. Industrial Technical Illustration. 
New York, NY: Van Nostrand Reinhold 
Company, 1982. 

French, Thomas E. and Charles J. Vierck. A 
Manual of Engineering Drawing for 
Students and Draftsmen. New York: 
McGraw-Hill Book Company, Inc., 1953. 

U.S. Department of Commerce, Patent and 
Trademark Office. Guide for Patent 
Draftsmen: Selected Rules of Practice 
Relating to Patent Drawings. 
Washington, DC: U.S. Government 
Printing Office, 1989. 

Worthen. W.E., C.E. Appletons' Cyclopaedia of 
Technical Drawing. New York: 
D.Appleton and Company, 1886. 

Graphics 

Gray, Nicolette. Nineteenth Century 
Ornamented Typefaces. Berkeley, CA: 
University of California Press, 1976. 

Tufte, Edward R. The Visual Display of 
Quantitative Information. Cheshire. CT: 
Graphics Press, 1983. 

Envisioning Information. Cheshire. CT: 
Graphics Press, 1990. 

Breed, Charles B. and George L. Hosmer. The 
Principles and Practice of Surveying. 
Volume I: Elementary Surveying. New 
York, NY: John Wiley & Sons, Inc., 
1977. 

Davis, Raymond E. and Joe Wallace Kelly. 
Short Course in Surveying. New York, 
NY: McGraw-Hill Book Company, Inc., 
1942. 

Fenwick, Thomas and Thomas Baker. 
Subterraneous Surveying. New York, NY: 
D. Van Nostrand Company, 1898. 

Herubin, Charles A. Principles of Surveying. 
2nd Ed. Reston, VA: Reston Publishing 
Company, Inc., 1978. 

Iron and Steel Structural Manuals 

American Institute of Steel Construction, Inc. 
Steel Construction. 1 st Ed. New York, 
NY: American Institute of Steel 
Construction, 1930. 

American Institute of Steel Construction, Inc. 
Manual of Steel Construction. 7th Ed. 
New York, NY: American Institute of 
Steel Construction, 1970. 

Aston, James and Edward B. Story. Wrought 
Iron: Its Manufacture, Characteristics 
and Applications. Pittsburgh, PA: A.M. 
Byers Company, 1941. 

Carnegie Steel Company. Carnegie Pocket 
Companion. Pittsburgh, PA: Carnegie 
Steel Company, 1910. 
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Woods 

Constantine, Albert, Jr. Know Your Woods: 
A Complete Guide to Trees, Woods and 
Veneers. New York, NY. Charles 
Scribner's Sons, 1959. 

Graubner, Wolfram. Encyclopedia of Wood 
Joints. Newtown, CT: The Taunton Press, 
1989. 

Harris, Cyril M. Dictionary of Architecture and 
Construction. New York, NY: McGraw-
Hill Book Company, 1975. 

Hoadley, R. Bruce. Understanding Wood: A 
Craftsman's Guide to Wood Technology. 
Newtown, CT: The Taunton Press, 1980. 

Technical Manuals and References 

Bennett, H. Concise Chemical and Technical 
Dictionary. New York, NY: Chemical 
Publishing, Co., Inc., 1974. 

Evans, Oliver. The Young Mill-wright and 
Miller's Guide. Reprinted from the first 
edition, 1795. Wallingford, PA: The 
Oliver Evans Press, 1990. 

Kent, R.T. Kent's Mechanical Engineers' 
Handbook: Design. Shop Practice. New 
York, NY: John Wiley & Sons, Inc., 1938. 
Munsell Book of Color. (Available from 
Macbeth, Division of Kollmorgen 
Instruments Corp., P.O. Box 230, 
Newburgh, NY 12551-0230; (914) 565-
7660.) 

Oberg, Erik and Franklin D. Jones. Machinery's 
Handbook: A Reference Book for the 
Mechanical Engineer, Draftsman, 
Toolmaker and Machinist. 19th Ed. New 
York, NY: Industrial Press, Inc., 1971. 
NOTE: This manual was first published 
in 1914; 21st edition is current. 

Peele, Robert. Mining Engineers' Handbook. (2 
vols.) New York, NY: John Wiley & 
Sons, Inc., 1927. 

U.S. Department of the Interior, Heritage 
Conservation and Recreation Service, 
Technical Preservation Services Division. 
Metals in America's Historic Buildings: 
Uses and Preservation Treatments. 
Washington, DC: U.S. Government 
Printing Office, 1980. 

International Textbook Company. The Coal and 
Metal Miners' Pocketbook of Principles, 
Rules, Formulas and Tables. Scranton, 
PA: International Textbook Company, 
1907. NOTE: The International Textbook 
Company published scores of manuals for 
different industries in the late 19th and 
early 20th centuries. 
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5.0 APPENDICES 

SECRETARY OF THE INTERIOR'S STANDARDS FOR 
ARCHITECTURAL AND ENGINEERING 

DOCUMENTATION 

Reproduced from the Federal Register, Vol. 48, No. 190 
(Thursday, September 29, 1983), pp. 44370-44374. 

A summary chart of the Standards is on p. 230. 

Secretary of the Interior's Standards for 
Architectural and Engineering 
Documentation 

These standards concern the 
development of documentation for 
historic buildings, sites, structures and 
objects. This documentation, which 
usually consists of measured drawings, 
photographs and written data, provides 
important information on a property's 
significance for use by scholars, 
researchers, preservationists, architects, 
engineers and others interested in 
preserving and understanding historic 
properties. Documentation permits 
accurate repair or reconstruction of 
parts of a property, records existing 
conditions for easements, or may 
preserve information about a property 
that is to be demolished. 

These Standards are intended for use 
in developing documentation to be 
included in the Historic American 
Buildings Survey (HABS) and the Historic 
American Engineering Record (HAER) 
Collections in the Library of Congress.' 
HABS/HAER, in the National Park 
Service, have defined specific 
requirements for meeting these 
Standards for their Collections. The 
HABS/HAER requirements Include 
information important to development of 
documentation for other purposes such 
as State or local archives. 

Standard I. Documentation Shall 
Adequately Explicate and Illustrate 
What is Significant of Valuable About 
the Historic Building, Site, Structure or 
Object Being Documented. 

The historic significance of the 
building, site, structure or object 
identified in the evaluation process 
should be conveyed by the drawings; 
photographs and other materials that 
comprise documentation. The historical, 
architectural engineering or cultural 
values of the property together with the 
purpose of the documentation activity 

determine the level and methods of 
documentation. Documentation 
prepared for submission to the Library 
of Congress must meet the HABS/HAER 
Guidelines. 

Standard II. Documentation Shall be 
Prepared Accurately From Reliable 
Sources With Limitations Clearly 
Stated to Permit Independent 
Verification of the Information. 

The purpose of documentation is to 
preserve an accurate record of historic 
properties that can be used in research 
and other preservation activities. To 
serve these purposes, the documentation 
must include information that permits 
assessment of its reliability. 

Standard III. Documentation Shall be 
Prepared on Materials That are Readily 
Reproductible. Durable and in Standard 
Sizes. 

The size and quality of documentation 
materials are important factors in the 
preservation of information for future 
use. Selection of materials should be 
based on the .length of time expected for 
storage, the anticipated frequency of use 
and a size convenient for storage. 

Standard IV. Documentation Shall be 
Clearly and Concisely Produced. 

In order for documentation to be 
useful for future research, written 
materials must be legible and 
understandable, and graphic materials 
must contain scale information and 
location references. 

Secretary of the Interior's Guidelines for 
Architectural and Engineering 
Documentation 

Introduction 

These Guidelines link the Standards 
for Architectural and Engineering 
Documentation with more specific 
guidance and technical information. 
They describe one approach to meeting 
the Standards for Architectural 
Engineering Documentation. Agencies, 
organizations or individuals proposing 
to approach documentation differently 

may wish to rsview their approaches 
with the National Park Service. 

The Guidelines are organized as 
follows: 
Definitions 
Coal of Documentation 
The HABS/HAER Collections 
• Standard t Content 
STendard II: Quality 
Standard 111: Materials 
Standard IV: Presentation 
Architectural and Engineering Documentation 

Prepared for Other Purposes 
Recommended Sources of Technical 

Information 

Definitions 
These definitions are used in 

conjunction with these Guidelines: 
Architectural Data Form—a one page 

HABS form Intended to provide 
identifying Information for 
accompanying HABS documentation. 

Documentation—measured drawings, 
photographs, histories, inventory cards 
or other media that depict historic 
buildings, sites, structures or objects. 

Field Photography—photography, 
other than large-format photography, 
Intended for the purpose of producing 
documentation, usually 36mm. 

Field Records—notes of 
measurements taken, field photographs 
and other recorded Information intended 
for the purpose of producing 
documentation. 

Inventory Card—a one page form 
which includes written data, a sketched 
site plan and. a 35mm contact print dry-
mounted on the form. The negative, with 
a separate contact sheet and index 
should be included with the inventory 
card. 

Large Format Photographs— 
photographs taken of historic buildings, 
sites, structures or objects where the 
negative is a 4 X 5", 6 X T or 8 X10" 
size and where the photograph is taken 
with appropriate means to correct 
perspective distortion. 

Measured Drawings—drawings 
produced on HABS or HAER formats 
depicting existing conditions or other 
relevant features of historic buBdings, 
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sites, structures or objects. Measured 
drawings are usually produced In ink on 
archivally stable material, such as 
mylar. 

Photocopy—A photograph, with large-
format negative, of a photograph or 
drawing. 

Select Existing Drawings—drawings 
of historic buildings, sites, structures or 
objects, whether original construction or 
later alteration drawings that portray or 
depict the historic value or significance. 

Sketch Plan—a floor plan, generally 
not to exact scale although often drawn 
from measurements, where the features 
are shown In proper relation and 
proportion to one another. 

Coat of Documentation 

The Historic American Buildings 
Survey (HABS) and Historic American 
Engineering Record (HAER) are the, 
national historical architectural and 
engineering documentation programs of 
the National Park Service that promote 
documentation incorporated into the 
HABS/HAER collections in the Library 
of Congress. The goal of the collections 
is to provide architects, engineers, 
scholars, and interested members of the 
public with comprehensive 
documentation of buildings, sites, 
structures and objects significant in 
American history and the growth and 
development of the built environment. 

The HABS/HAER Collections: HABS/ 
HAER documentation usually consists 
of measured drawings, photographs and 
written data thatprovide a detailed 
record which reflects a property's 
significance. Measured drawings and 
properly executed photographs act as a 
form of insurance against fires and 
natural disasters by permitting the 
repair and, if necessary, reconstruction 
of historic structures damaged by such 
disasters. Documentation is used to 
provide the basis for enforcing 
preservation easements. In addition, 
documentation Is often the last means of 
preservation of a property; when a 
property is to be demolished, Its 
documentation provides future 
researchers access to valuable 
information that otherwise would be 
lost. 

HABS/HAER documentation is 
developed In a number of ways. First 
and most usually, the National Park 
Service employs summer teams of 
student architects, engineers, historians 
and architectural historians to develop 
HABS/HAER documentation under the 
supervision of National Park Service 
professionals. Second, the National Park 
Service produces HABS/HAER 
documentation, in conjunction with 
restoration or other preservation 
treatment, of historic buildings managed 
by the National Park Service. Third, 

Federal agencies, pursuant to Section 
110(b) of the National Historic 
Preservation Act, as amended, record 
those historic properties to be 
demolished or substantially altered as a 
result of agency action or assisted 
action (referred to as mitigation 
projects). Fourth, Individuals and 
organizations prepare documentation to 
HABS/HAER standards and donate that 
documentation to the HABS/HAER 
collections. For each of these programs, 
different Documentation Levels will be 
set. 

The Standards describe the 
fundamental principles of HABS/HAER 
documentation. They are supplemented 
by other material describing more 
specific guidelines, such as line weights 
for drawings, preferred techniques for 
architectural photography, and formats 
for written data. This technical 
information is found in the HABS/HAER 
Procedures Manual. 

These Guidelines include important 
information about developing 
documentation for State or local 
archives. The State Historic 
Preservation Officer or the State library 
should be consulted regarding archival 
requirements if the documentation will 
become part of their collections. In 
establishing archives, the Important 
questions of durability and 
reproducibility should be considered in 
rolation to the purposes of the 
collection. 

Documentation prepared for the 
purpose of inclusion in the HABS/HAER 
collections must meet the requirements 
below. The HABS/HAER office of the 
National Park Service retains the right 
to refuse to accept documentation for 
inclusion in the HABS/HAER 
collections when that documentation 
does not meet HABS/HAER 
requirements, as specified below. 

Standard It Content 

1. Requirement: Documentation shall 
adequately explicate and Illustrate what 
is significant or valuable about the 
historic building, site, structure or object 
being documented. 

2. Criteria: Documentation shall meet 
one of the following documentation 
levels to be considered adequate for 
inclusion in the HABS/HAER 
collections. 

a. Documentation Level I; 
(1) Drawings: a full set of measured 

drawings depicting existing or historic 
conditions. 

(2) Photographs: photographs with 
large-format negatives of exterior and 
interior views; photocopies with large 
format negatives of select existing 
drawings or historic views where 
available. 

(3) Written data: history and 
description. 

b. Documentation Level II; 
(1) Drawings: select existing drawings. 

where available, should be 
photographed with large-format 
negatives or photographically 
reproduced on mylar. 

(2) Photographs: photographs with 
large-format negatives of exterior and 
interior views, or historic views, where 
available. 

(3) Written data: history and 
description. 

c. Documentation Level III; 
(1) Drawings: sketch plan. 
(2) Photographs: photographs with 

large-format negatives of exterior and 
interior views. 

(3) Written data: architectural data 
form. 

d. Documentation Level IV: HABS/ 
HAER inventory card. 

3. Test: Inspection of the 
documentation by HABS/HAER staff. 

4. Commentary: The HABS/HAER 
office retains the right to refuse to 
accept any documentation on buildings, 
site, structures or objects lacking 
historical significance. Generally, 
buildings, sites, structures or objects 
must be listed In. or eligible for listing in 
the National Register of Historic Places 
to be considered for Inclusion in the 
HABS/HAER collections. 

The kind and amount of 
documentation should be appropriate to 
the nature and significance of the 
buildings, site, structure or object being 
documented. For example, 
Documentation Level! would be 
Inappropriate for a building that is a 
minor element of a historic district, 
notable only for strestscape context and 
scale. A full set of measured drawings 
for such a minor budding would be 
expensive and would add little, if any. 
Information to the HABS/HAER 
collections. Large format photography 
(Documentation Level III) would usually 
be adequate to record the significance of 
this type of building. 

Similarly, the aspect of the property 
that is being documented should reflect 
the nature and significance of the 
building, site, structure or object being 
documented. For example, measured 
drawings of Dankmar Adler and Louis 
Sullivan's Auditorium Building in 
Chicago should Indicate not only 
facades, floor plans and sections, but 
also the Innovative structural and 
mechanical systems that were 
incorporatad in that building. Large 
format photography of Gunston Hall in 
Fairfax County, Virginia, to take another 
example, should clearly show William 
Buckland's hand-carved moldings in the 
Palladian Room, as well as other views. 

HABS/HAER documentation is 
usually in the form of measured 
drawings, photographs, and written 
data. While the criteria in this section 
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have addressed only these media. 
documentation need not be limited to 
them. Other madia, such as films of 
industrial processes, can and have been 
used to document historic buildings, 
sites, structures or objects. If other 
media are to be used, the HABS/HAER 
office should be contacted before 
recording. 

The actual selection of the 
appropriate documentation level will 
vary, as discussed above. For mitigation 
documentation projects, this level will 
be selected by the National Park Service 
Regional Office and communicated to 
the agency responsible for completing 
the documentation. Generally. Level I 
documentation is required for nationally 
significant buildings and structures, 
defined as National Historic Landmarks 
and the primary historic units of the 
National Park Service. 

On occasion, factors other than 
significance will dictate the selection of 
another level of documentation. For 
example, if a rehabilitation of a property 
is planned, the owner may wish to have 
a full set of as-bull! drawings, even 
though the significance may indicate 
Level II documentation. 

HABS Level I measured drawings 
usually depict existing conditions 
through the use of a rite plan, floor 
plans, elevations, sections and 
construction details. HAER Level I 
measured drawings will frequently 
depict original conditions where 
adequate historical material exists, so 
as to illustrate manufacturing or 
engineering processes. 

Level 11 documentation differs from 
Level I by substituting copies of existing 
drawings, either original or alteration 
drawings, for recently executed 
measured drawings. If this is done, the 
drawings must meet HABS/HAER 
requirements-outlined below. While 
existing drawings are rarely as suitable 
as as-built drawings, they are adquate In 
many cases for documentation purposes. 
Only when the desirability of having as-
built drawings is clear are Level 1 
measured drawings required in addition 
to existing drawings. If existing 
drawings are housed in an accessible 
collection and cared for archivally. their 
reproduction for HABS/HAER may not 
be necessary. In other cases. Level I 
measured drawings are required In the 
absence of existing drawings. 

Level III documentation requires a 
sketch plan if it helps to explain the 
structure. The architectural data form 
should supplement the photographs by 
explaining what is not readily visible. 

Level IV documentation consists of 
completed HABS/HAER Inventory 
cards. This level of documentation. 
unlike the other three levels, is rarely 

considered adequate documentation for 
the HABS/HAER collectlonsbut is 
undertaken to identify historic resources 
In a given area prior to additional, more 
comprehensive documentation. 

Standard II: Quality 
1. Requirement: HABS and HAER 

documentation shall be prepared 
accurately from reliable sources with 
limitations clearly stated to permit 
independent verification of Information. 

2. Criteria: For all levels of 
documentation, the following quality 
standards shall be met: 

a. Measured drawings: Measured 
drawings shall be produced from 
recorded, accurate measurements. 
Portions of the building that were not 
accessible for measurement should not 
be drawn on the measured drawings, 
but clearly labeled as not accessible or 
drawn from available construction 
drawings and other sources and so 
identified. No part of the measured 
drawings shall be produced from 
hypothesis or non-measurement related 
activities. Documentation Level 1 
measured drawings shall be 
accompanied by a set of field notebooks 
in which the measurements were first 
recorded. Other drawings, prepared for 
Documentation Levels II and III, shall 
include a statement describing where 
the original drawings are located. 

b. Large format photographs: Large 
format photographs shall clearly depict 
the appearance of the property and 
areas of significance of the recorded 
building, site, structure or object. Each 
view shall be perspective-corrected and 
fully captioned. 

c. Written history: Written history and 
description for Documentation Levels 1 
and II shall be based on primary sources 
to the greatest extent possible. For 
Levels III and IV, secondary sources 
may provide adequate Information; if 
not. primary research will be necessary. 
A frank assessment of the reliability and 
limitations of sources shall be included. 
Within the written history, statements 
shall be footnoted as to their sources, 
where appropriate. The written data 
shall include a methodology section 
specifying name of researcher, data of 
research, sources searched, and 
limitations of the project. 

3. Test: Inspection of the 
documentation by HABS/HAER staff. 

4. Commentary: The reliability of the 
HABS/HAER collections depends on 
documentation of high quality. Quality 
is not something that can be easily 
prescribed or quantified, but It derives 
from a process In which thoroughness 
and accuracy play a large part. The 
principle of independent verification 
HABS/HAER documentation la critical 
to the HABS/HAER collections. 

Standard III: Materials 

1. Requirement: HABS and HAER 
documentation shall be prepared on 
materials that are readily reproducible 
for ease of access; durable for long 
storage; and In standard sizes for ease 
of handling. 

2. Criteria: For all levels of 
documentation, the following material 
standards shall be met: 

a. Measured Drawings: 
Readily Reproducible: Ink on 

translucent material. 
Durable: Ink on archivally stable 

materials. 
Standard Sizes: Two sizes: 10 X 24" 

or 24 X 38". 
b. Large Format Photographs: 
Readily Reproducible: Prints shall 

accompany all negatives. 
Durable: Photography must be 

archivally processed and stored. 
Negatives ere required on safety film 
only. Resin-coated paper is not 
accepted. Color photography is not 
acceptable. 

Standard Sizes: Three sizes: 4 x 5". 5 
X r , 8 X 10". 

c. Written History end Description: 
Readily Reproducible: Clean copy for 

xeroxing. 
Durable: Archival bond required. 
Standard Sizes: aVt X 11". 
d. Field Records: 
Readily Reproducible: Field 

notebooks may be xeroxed. Photo 
Identification sheet will accompany 35 
mm negatives and contact sheets. 

Durable: No requirement. 
Standard Sizes: Only requirement is 

that they can be made to fit into a 9W x 
12" archival folding file. 

3. Test- Inspection of the 
documentation by HABS/HAER staff. 

4. Commentary: Ail HABS/HAER 
records are Intended for reproduction; 
some 20.000 HABS/HAER records are 
reproduced each year by the Library of 
Congress. Although field records are not 
intended for quality reproduction, it is 
intended that they be used to 
supplement the formal documentation. 
The basic durability performance 
standard for HABS/HAER records is 500 
years. Ink on mylar ie believed to meet 
this standard, while color photography. 
for example, does not. Field records do 
not meet this archival standard, but are 
maintained In the HABS/HAER 
collections as a courteety to the 
collection user. 

Standard IV: Presentation 

1. Requirement: HABS end HAER 
documentation shall be clearly and 
concisely produced. 

1 Criteria: For levels of 
documentation as indicated below, the 
following standards for presentation 
will be used: 

a. Measured Drawings: Level I 
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measured drawings will be lettered 
mechanically (I.e., Leroy or similar) or In 
a handprinted equivalent style. 
Adequate dimensions shall be Included 
on all sheets. Level III sketch plans 
should be neat and orderly. 

b. Large format photographs: Level I 
photographs shall include duplicate 
photographs that Include a seals. Level 
II and III photographs shall Include, at a 
minimum, at least one photograph with 
a scale, usually of the principal facade. 

c. Written history and description: 
Data shall be typewritten on bond, 
following accepted rules of grammar. 

3. Test: Inspection of the 
documentation by HABS/HAER staff. 

Architectural and Engineering 
Documentation Prepared for Other 
Purposes 

Where a preservation planning 
process is in use, architectural and 
engineering documentation, like other 
treatment activities, are undertaken to 
achieve the goals identified by the 
preservation planning process. 
Documentation is deliberately selected 
as a treatment for properties evaluated 
as significant, and the development of 
the documentation program for a 
property follows from the planning 
objectives. Documentation efforts focus 
on the significant characteristics of the 

property, as defined In the previously 
completed evaluation. The selection of a 
level of documentation and the 
documentation techniques (measured 
drawings, photography, etc.) Is based on 
the significance of the property and the 
management needs for which the 
documentation is being performed. For 
example, the kind and level of 
documentation required to record a 
historic property for easement purposes 
may be less detailed than that required 
as mitigation prior to destruction of the 
property. In the former case, essential 
documentation might be limited to the 
portions of the property controlled by 
the easement, for example, exterior 
facades: while in the latter case, 
significant Interior architectural features 
and non-visible structural details would 
also be documented. 

The principles and content of the 
HABS/HAER criteria may be used for 
guidance in creating documentation 
requirements for other archives. Levels 
of documentation and the durability and 
sizes of documentation may vary 
depending on the intended use and the 
repository. Accuracy of documentation 
should be controlled by assessing the 
reliability of all sources and making that 
assessment available In the archival 
record: by describing the limitations of 
the information available from research 

and physical examination of the 
property; and by retaining the primary 
data (field measurements and 
notebooks) from which the archival 
record was produced. Usefulness of the 
documentation products depends on 
preparing the documentation on durable 
materials that are able to withstand 
handling and reproduction, and in sizes 
that can ba stored and reproduced 
without damage. 

Recommended Sources of Technical 
Information 

Recording Historic Buildings. Harlty J. 
McJCst. Govsmmtnt Printing Office. 1970. 
Washington. D.C Available through the 
Superintendent of Documents, U.S. 
Government Printing Office. Washington. 
D.C. 20402. GPO number 024-005-0239-9. 

HABS/HAER Procedures Manual. Historic 
American Buildings Survey/Historic 
American Engineering Record. National Park 
Service. 1980. Washington. D.C 

Photogrammetric Recording of Cultural 
Resources. Perry E. Borchsrs. Technical 
Preservation Services, U.S. Department of the 
Interior, 1077. Weshinton, D.C 

Rectified Photography and.Photo Drawings 
for Historic Preservation. J. Henry Chambers. 
Technical Preservation Services. U.S. 
Department of the Interior. 1979. Washington. 
D.C 
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SUMMARY 
PERFORMANCE STANDARDS OF THE HISTORIC AMERICAN BUILDINGS SURVEY/HISTORIC AMERICAN ENGINEERING RECORD (HABS/HAER) 

(SECRETARY OF THE INTERIOR'S STANDARDS FOR ARCHITECTURAL AND ENGINEERING DOCUMENTATION. FEOFRAL REG/STEfl. SEPTEMBER 29. 1963. PP 4473tM4734) 

STANDARDS 

REQUIREMENTS 

I. CONTENT 

•D0CUMEHTAT1ON SHALL AOEOUATUY 
EXPLCATE AND ILUSIRATE WHAT IS 
SXMFCANT OR VALUABLE ABOUT THE 
H6T0FBC BUIDMG. STTE STRLCTUTC 
OR OBJECT BEMG OOCLMENTED " 

II. QUALITY 

• HABS AND HAER DOCUMENTATION SHALL 
BE PREPARED ACCURATELY. FROM RELIABLE 
SOURCES WITH LUTATIONS CLEARLY STATED 
TO PEEWIT BVOEPEMDENT VEABTCATKM OF 

wtfvmnM" 

III. MATERIALS 

"HABS AND HAER DOCUMEKTATXM SHALL BE 
PREPARED ON MATERIALS THAT ARE READAY 
REPTCOUCBLE FOR EASE Of ACCESS: DURABLE 
FOR LONG STORAGE: AND M STANDARD SBES 
FOR EASE Of HAMDLMG-' 

IV. PRESENTATION 

"HABS AND HAER DOCUMENTATION SHALL 
IE CLEARLY AND CONCISELY PRODUCED " 

.LEVEL 
CRITERIA 

A. MEASURED D R A W N * } 

FUU 
SET 
Of 

MFAS 
DWGS. 

SEE 
PHOTOS 
BELOW 

III 

SKETCH 
PLAN 

IV 

WYEN-
TORY 
CARD 

III IV 

MEASURED DRAWWGS ARE TO IE 
PROOLCED FROM RECORDED. 
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BASIC TRIGONOMETRIC and GEOMETRIC FORMULAS 

RIGHT TRIANGLES 

REGULAR POLYGON 

Fig. 5.2 
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FUNCTIONS Of a CIRCLE 



OBLIQUE TRIANGLES 

Fig. 5.3 
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HAND MEASUREMENT ACCURACY 

Measurement and Accuracy. According to the 
rules of measurement, the accuracy of any 
instrument used for measuring length can be no 
finer than ± one-half of the finest graduation on 
the instalment's scale in any single measurement. 
In other words, if you use a tape graduated in Vc*5 

of an inch, the maximum precision is +'/,6". This 
does not mean that the object you are measuring 
can be measured this precisely, however. The 
nature, finish, and condition of materials and 
structures can affect the achievable precision 
considerably. For example, the length of a rough 
stone wall (say at a blast furnace site) varies 
depending on where you measure it. Five different 
attempts might yield you five very different 
dimensions: 45'-1", 45'-274", 45,-0Vg", 44'-11 Vg", 
44"-11". Rather than average these, it is wiser to 
give an approximation that takes the variance into 
account: 45'-07," ±1'/,". Rounding up, 45'-1" ±2". 
This tolerance expresses the conditions found in 
the field. Materials with smoother finishes will 
have smaller tolerances. To meet Standard II you 
must record tolerances, especially for overall 
dimensions, and any dimensions that have large 
tolerances. 

The sizes of rolled structural shapes, pipes, 
fasteners, machined surfaces and machinery 
may call for much finer tolerances (±0.01" to 
±0.001"), depending on the significance of the 
parts and measurements. Handbooks and 
textbooks may speed your ability to dimension 
standardized parts. 

Deflected and Inclined Measurements. Thus 
far, measurement has been addressed as if it 
were always a case of measuring in a straight 
line between two points, with the tape being 
level or plumb. Often, conditions in the field 
will not allow you to stretch a tape conveniently 
without one or more slight deflections or 
inclinations. Perhaps the dimension sought is 
not so significant that you ought to take the time 
to break it down into smaller undeflected 
increments which you can then add up. Where 
should you ""draw the line"? There are 
conditions where a slightly deflected or inclined 
tape will have little effect on a measurement 
(though the existence of the deflection should 
be noted). At other times, your precision can be 
considerably degraded. 

Tolerance is also expressed as a percentage of a 
dimension. A very reasonable tolerance for hand 
measurement is 1 part in 5,000, or 0.0297. This 
equates to slightly less than '/?' in 100 feet (which 
is 1 part in 4,800). This obviously decreases with 
smaller dimensions; to measure 10" to the nearest 

.," is to measure to 1 part in 320. or about 0.391. 

HAER normally expresses tolerances with a ± 
figure. For smooth materials and objects in 
good condition, the following tolerance ranges 
are goals HAER seeks: 

0"-12" ± V 
for machined parts, elements where dimension 
is critical to fit and operation: ±7 " for sections 
of rolled members: ± 7 , " for architectural 

16 

details, castings: 
2'-20' ±'/g" 
20'-100' . . . . ±V4" 
100'-200' . . . ± , T 

Inclination Errors. A slight inclination in 
holding a tape horizontally or vertically will not 
result in much error (see Fig. 5.3.1). If a tape is 
stretched for 50 feet horizontally, one end 
would have to be 1274" higher than the other to 
introduce a ' / " error. (The error in inclination 
is always an artificial increase in length.) Much 
beyond this inclination, however, error rises 

Fig. 5.4 
Inclination Errors Examined 
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dramatically. This may sound like an invitation 
to sloppy workmanship or "cutting corners", but 
it isn't. It does allow you to work without a 
counterproductive hypersensitivity to accuracy. 

Deflection Errors. From time to time, you will 
measure between two points which are level or 
plumb to each other, but have to "bend" the tape 
around some intervening obstacle. You are 
measuring the top of an 80 foot wall, but 30 feet 
from one end there is a 12" diameter pipe 
crossing the wall with its centerline even with 
the wall's top surface. What should you do? 

Proceed with your measurement. The total error 
caused by a 6" deflection in the tape at this 
point amounts to less than V12". Even if this 
same deflection were located 3 feet from one 
end of the wall, the error would rise to slightly 
over '/ ". However, if the deflection were 3 
feet, you would need to make three 
measurements to avoid unacceptable error. The 
location of a deflection relative to the end of a 
measurement is in some cases more important 
than how big the deflection is. See the 
deflection tables on the next two pages to get a 
graphical feel for this field problem. 

Endnotes 

1. For purposes of definition: 

Accuracy: n. (1) freedom from mistake or error, correctness 
(2a) conformity to truth or to a standard or model: exactness 
(2b) degree of conformity of a measure to a standard or true value 

Error: n. (4a) the difference between an observed or calculated value and a true value: specifically 
variation in measurements, calculations, or observations of a quantity due to mistakes or to 
uncontrollable factors 

(4b) the amount of deviation from a standard or specification 

Precision: n. the quality or state of being precise: exactness, specifically the degree of refinement with 
which an operation is performed or a measurement stated 

adj. (1) adapted for extremely accurate measurement or operation 
(2) held to low tolerance in manufacture 
(3) marked by precision of execution 

Tolerance: n. (3) the allowable deviation from a standard; specifically the range of variation permitted 
in maintaining a specified dimensions in machining a piece. 

A convenient interrelationship of these terms: A device or tool (or a drawing) possesses accuracy; precision 
or error describes the measurement process, and tolerance or error describes the results (dimensions) of the 
measurement process. 
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TAPE DEFLECTION GRAPHS 

showing inches of error in taping a 50-foot dimension when a single deflection of various sizes 
(numbered tags) is introduced at various points along the tape 

FOOT POSITION 
of deflection along a 50-foot interval 

Fig. 5.5 
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FOOT POSITION 
of deflection along a 50-foot interval 

Fig. 5.6 
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LEVELING AND USING A TRANSIT 

Leveling a Transit or Laser Level. A complete 
unit should contain an instruction book, but if it 
is missing, the following notes for leveling a 
transit should help you level the unit accurately. 
Similar procedures apply to non-self-leveling 
laser levels. 

Before the transit (or laser level) is mounted on 
its tripod, ensure that the tripod legs are 
securely lodged so that they cannot spread out 
and the tripod won't tip over. 

TIP: An old window screen can be set on 
smooth surfaces and the tips of the tripod 
legs lodged in the screen to prevent 
movement. The legs could also be lashed 
with light rope. 

Once you have mounted the instrument on the 
tripod, you will notice that the instrument has 
either three or four leveling screws at the base, 
and a pair of bubble levels on the horizontal 
table (see Fig. 5.7). The horizontal table should 
be unlocked and turned until one of the table 
levels lies parallel to the axis of two opposed 
leveling screws (for the four-screw variety); the 
other level will automatically be aligned at 90° 
to the first. The table is brought level by turning 
opposing screws in opposite directions 

Fig. 5.7 
Lining up Transit Leveling Screws 

with Table Levels 

Fig. 5.8 
Adjusting Leveling Screws 

simultaneously and watching the action of the 
bubble level parallel to that axis. When one 
level is approximately correct, the other is 
adjusted similarly. You may have to go 
between the two several times to get both 
bubbles to read level simultaneously. The 
leveling screws should be slightly tight, but 
never "jammed". Excessive force will warp the 
tribrach and possibly damage the horizontal 
table and bearing. 

If the telescope on your transit has a bubble 
level, use it next for fine adjustment. The 
vertical circle for the telescope should be set to 
0°0' and locked. The horizontal table should be 
left unlocked, and the scope lined up across two 
opposing leveling screws. If the scope level 
doesn't center, do not be concerned. Note where 
the bubble comes to rest (towards or away from 
the eyepiece) and rotate the horizontal table 
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Fig. 5.9 
Leveling telescope when bubble level 

is out of adjustment 

180°. Check the bubble location again. If it 
comes to rest in the same location (relative to 
you) then the scope is level, even if the bubble 
should be out of center (see Fig. 5.9). If the two 
readings are different, then the screws should be 
adjusted until the two readings are the same. 
The horizontal table is then rotated 90° and the 
procedure repeated across the other pair of 
opposed leveling screws. When finished, the 
entire instrument will be leveled. Leave the 
vertical circle locked at 0°0' while you spot 
marks for a horizontal reference plane or take 
heights from various site features. 

Transit and Stadia Rod. On some projects, the 
difficulty of the site, the availability of a transit 
and team members who can efficiently use one, 
will dictate the use of the '"bearing and range" 
method for recording a site plan. All this entails 
is reading precisely the horizontal circle of the 
transit, and reading precisely the numbers on a 
stadia rod through the telescope. A minor 
amount of math will be needed to reduce the 
stadia rod readings to a range figure. Every 
point recorded will have a unique pair of 
numbers consisting of an angle (bearing) and 
range (distance) from the transit station. 

Mark the Station Location. When setting up the 
transit, be sure to mark the instrument station by 
suspending a plumb bob beneath the instrument 
and setting some kind of reasonably permanent 
mark on/in the ground or other surface beneath 
the plumb bob tip. This way, you can recover 
the station if certain measurements prove to be 
in error. 

Aligning the Horizontal Circle. Before you can 
begin to record bearings, you need to decide 
where the zero (north) or the horizontal circle 
will point. In some cases, aligning it with 
magnetic north will be useful, at other times, 
aligning it with the corner of a building, or an 
axial orientation (centered on railroad track or 
smokestack) will be more helpful. To align the 
circle magnetically, lock the horizontal circle 
and the vernier at 0°G" but loosen the base lock 
and turn the instrument until the north end of 
the compass needle in the plate rests at 0° on 
the compass card; then lock the base down. To 
align the circle to a site feature, follow the 
procedure above, but use the telescope reticle to 
align the scope (and thereby the table) to the 
desired feature, then lock the base down. 

Reading Stadia Rods and Computing Range. As 
you look through most transit telescopes, you 
will notice two small crosshairs on the vertical 
line of the reticle—one above and one below the 
horizontal line (see Fig. 5.10). These hairs are 
used to read figures on stadia rods for 
computation of range. Stadia rods come 
graduated in decimal feet (tenths and 
hundredths of a foot) or feet and inches (12 
inches to the foot). Before you proceed, 
examine your stadia rod to see which kind you 
have, or your results will be erroneous. When a 
stadia rod is held against a building comer or 
set vertically over a point whose distance is to 
be measured, the stadia crosshairs in the 

Fig. 5.10 
Range Reading with Stadia Rod 
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telescope will permit you to read an upper and a 
lower figure on the rod. (To plumb the rod, try 
to balance it vertically between your fingers, or 
use a rod level.) Record these two figures, 
subtract the lower from the upper, and multiply 
the result by 100. The product is the distance 
from the transit to the stadia rod. This 
calculation is much easier with decimal feet 
than with feet and inches. 

NOTE: If for some reason you have to 
incline the telescope from horizontal to read 
the stadia rod, a correction factor must be 
introduced into your calculations, or you 
will arrive at artificially longer range 
figures. To obtain the correction factor, note 
the inclination on the telescope's vertical 
circle, and multiply the range by the cosine 
of this angle. 

In distance measurement, the accuracy of a 
transit used with a stadia rod depends on the 
distance measured; as long as you can read ± 
0.01 foot through the telescope, your accuracy 
is ± 1 foot. 

Reading a Vernier. If you are using a nondigital 
instrument, you will need to know how to read 

Master scale 

Vernier scale 

Fig. 5.11 
(Note 50 vernier hairs for 49 scale divisions) 

a vernier scale before you can record angular 
measurements. The vernier is an extremely 
simple way to accurately measure or interpolate 
fine divisions without resorting to microscopes. 

In principle, a vernier employs two scales: a 
master scale and a vernier scale. For every x 
number of spaces on the master scale, there are 
x+1 spaces on the vernier scale (see Fig. 5.11). 
As you move the vernier scale slowly along the 
master scale, you will notice that at any one 
time, only one hair on the master scale will 
match a hair on the vernier (the scale in Fig. 
5.11 is in inches and thousandths of an inch). If 
you stop to read the number of the vernier hair 
at the match point, you are reading the master 
scale in thousandths of an inch. The reading 

Master scale 

Vernier scale 

Fig. 5.12 
Vernier interpolating between 1.150" and 1.200"; the 22nd vernier hair matches the main scale 

markings, for a reading of 0.022". Total dimension is 1.150 +0.022 = 1.172. 

Fig. 5.13 
Transit with a 30' (half degree) vernier, set at 0°0' 
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shown in Fig. 5.12 is 1.150 + 22 thousandths 
(.022"), or 1.172 inches. Notice that the vernier 
covers only intervals of 0.050", not 0.100". 

Category 1 transits divide single degrees into 
two 30 minute segments or three 20 minute 
segments. Before you read the vernier scale, 
you must read and record what degree segment 
you are in. (For example, you may be able to 
readily see that the instrument is pointed 
between 138° and 139°, but you must look 
further to see if you are between 138°00' and 
138°20', 138°20' and 138°40'. or 138°40' and 
139°00' before you read the vernier and add its 
minutes reading to the proper segment on the 
master scale.) Most Category 1 instruments use 
a double vernier, that is, the master and vernier 
scales can be read clockwise or 
counterclockwise. The master scale is the 
horizontal or vertical circle of the transit, with 
the vernier scales being shorter. In Fig. 5.1 3 the 
master scale is divided into half-degrees, or 30-
minute intervals. The vernier in this figure will 
divide a half-degree into 30 parts, or minutes 
(equal to l/60th of a degree, or 1'). 

Category 1 instruments are not capable of 
reading to seconds of a degree (0"). If you are 

using a Category 2 instrument ("engineer's 
theodolite), you can measure to within 10" to 
0.6". depending on manufacturer and model. 
Precision theodolites (Category 3) can measure 
to within 0.5", and high precision theodolites 
(Category 4) to 0.1". 

To read the vernier, notice first where the 
vernier's "A" (zero, or center of the double 
vernier) lies, and record the nearest degree and 
° from the direction you have turned from 
bearing 0°0'. To this figure, add the extra 
minutes on the vernier scale in the direction of 
your turn. The proper number of minutes is 
indicated by the count of the vernier hair which 
matches one of the ° divisions on the horizontal 
circle. The double vernier merely allows you to 
read angles clockwise or counterclockwise from 
0°. Common errors are using the vernier in the 
wrong direction, or failing to add 30' to the 
vernier reading from the horizontal or vertical 
circle when beyond a ° hair. Digital 
instruments display readings numerically and 
avoid these pitfalls. You may find it useful to 
familiarize yourself with vernier operation by 
photocopying Fig. 5.14, cutting it out and 
working with it. 

Fig. 5.14 
Vernier reading counterclockwise: 72°23' (72°00' + 23'); clockwise: 287°37' (287°30'+ 07') 
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IDENTIFYING MATERIALS 

Mineral Materials. Brick and stone are pretty 
easily distinguished from one another by color, 
shape, size and construction method, but you 
may need to distinguish cast (artificial) stone 
from carved stone at some sites. Mineral 
handbooks are useful for distinguishing between 
slate, sandstone, limestone, marbles and granites 
(old purchase orders and architectural drawings 
can establish these also). Slate was often used for 
electrical switch control boards. Terra cotta 
(piping, flues, architectural ornament) and 
structural clay tile are different from brick. Brick 
comes in various materials for various purposes. 
Structural brick are hard-fired: refractory brick 
are specifically designed for use in furnaces, 
flues, and other areas of intense heat (standardized 
refractory brick dimensions can be found in 
handbooks such as Kent's Mechanical Engineer's 
Handbook). Concrete is pretty easily identified 
from its appearance and form, but be sure to 
check surface textures. Rough lumber may have 
been used for the form work, and the concrete 
surface may have taken on a distinct wood grain 
pattern which, if painted, can mislead you 
without closer examination. You may have to 
identify mineral ores, coal, cinders, slags, glass, 
refractories and insulation materials as well. 

Woods. Wood is unquestionably distinguishable 
from mineral and metal substances, but you 
may have to identify specific species. It may be 
important to know if the floor is cypress or pine 
in order to determine if it is the floor a diary 
entry says was installed in 1904. Oak, spruce, 
fir, redwood, cedar and other species have 
specific applications in some industries and 
structures; for timbers, railroad ties, tanks, 
shingles, etc. Aside from dating wood by 
dendrochronology (a laboratory procedure), you 
can look at how it was finished; adze marks, 
irregular straight saw marks, regular straight or 
curved saw marks are indicators of hand- and/or 
machine-cut lumber. 

Even nail types and materials can be used to 
approximate construction dates in the absence 
of other data. 

Ferrous Metals. Ferrous and non-ferrous 
metals are easily distinguished from each other 
by applying a magnet (with the exception of 
most stainless steels, which are non-magnetic, 
and nickel, which is magnetic). Among ferrous 
metals, you should be prepared to identify gray 
cast iron, wrought iron and steel. (HAER does 
not require detailed alloy analysis and 
identification.) Shape, age, function and finish 
are major clues. Castings of iron are typically 
used for machinery frames, engine cylinders, 
columns, piping, compression members and 
decorative fixtures; these items usually have 
shapes that are too complicated to roll or 
machine from wrought iron or steel stock, and if 
you look carefully you can find joint lines 
where the parts of the mold met when the metal 
was poured. Cast iron also fractures rather than 
bends; for this reason you will not ordinarily 
find cast iron put under tension. Forgings, rolled 
structural shapes, built-up (riveted) shapes, 
sheet metal and plates are either wrought iron or 
steels. Wrought iron gives itself away by the 
manner in which it corrodes—the metal contains 
numerous parallel threads of slag which cause it 
to take on a fibrous appearance when it rusts or 
is broken. Steel "'pits" and never shows fibers 
when it rusts; cast iron rusts on exposure to 
weather, but not nearly as badly as steel. 
Wrought iron was also known for its weather 
resistance. If you know the age of your structure 
or equipment, that can also help you distinguish 
among ferrous metals. Wrought and cast iron 
dominated until Bessemer steel began to be 
made in large quantities in the 1870s. Wrought 
iron was used for truss bridges until ca. 1890 
when steel replaced it for this purpose. Wrought 
iron remained on the market until after World War 
II as a specialty material because of its corrosion 
resistance and metalworking characteristics. In the 
past few decades, hot-rolled mild steels have been 
called "'wrought iron", but this is an incorrect use 
of a historic term. Look for manufacturers 
names rolled into structural shapes or cast into 
parts; these may help date the members as well 
as steer you to handbooks and catalogs for 
proper structural and dimensional data. 
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Non-ferrous Metals. Many non-ferrous metals 
can be distinguished by their color, hardness, or 
density, as well as by traditional functions. By 
identifying metals, you may be able to identify 
parts and functions of a machine or building, 
and knowing the functions in machinery or 
buildings can tell you what metals to expect in 
various parts. 

Copper's red color is distinctive, and it is often 
used for electrical wiring, bus bars and other 
electrical parts, sheet metal roofing and water 
piping. Brasses and bronzes both have a yellow 
color, but brasses are alloys of copper and lead, 
bronzes of copper and tin. Brasses find uses in 
fasteners, architectural and decorative elements, 
plumbing and machinery cases. Along with 
bronzes, it also may be found used for rotating 
and sliding bearings. Lead is distinguished by 
its softness and gray color; it may be found used 
for solders, gaskets, old water piping, tank 
liners, and occasionally sheet metal roofing and 
architectural castings. Zinc is a whitish metal, 
stiffer and much less dense than lead; if 
corroded, it may have a whitish coating. Zinc 
finds uses in batteries, tubing, architectural 
sheet metal, printing plates, and as a plating on 
steel ("galvanizing") to prevent rust. Some 
metals may be plated for appearances-older 
plumbing fixtures were plated with nickel rather 
than chromium. Nickel has a soft silvery-white 

appearance as opposed to the crisp silvery-blue 
of chromium; if corroded, nickel salts are 
characteristically green. Aluminum is much 
more a twentieth century than a nineteenth 
century metal. It is distinguished by its 
lightness, stiffness, and corrosion resistance. It 
has been used primarily for structural and 
architectural purposes, though it has been cast 
for machinery parts and occasionally used for 
electrical equipment. 

Glass. Aside from its obvious use for windows, 
glass has been used for electrical insulators, 
battery cases, tanks, and piping for corrosives. 
Occasionally used structurally (glass block) or 
decoratively (glass panels). 

Other Materials 

Lubricants. Petroleum (mineral) oils and 
greases, vegetable oils, animal and vegetable 
fats. Keep an eye out for containers. 

Leather, Cloth. Often used for belts, gaskets. 

Hard Rubber and Plastics. Linoleum, 
Bakelite. 

Insulation materials. Asbestos, magnesia, 
glass wool, wood staving, paper products. 
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Fig. 5.15 
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Fig. 5.16 
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How to Compute 

UTM GRID COORDINATE NUMBERS 

The UTM (Universal Transverse Mercator) Grid 
System provides a simple and accurate method for 
recording the geographic location of historic sites. 
The UTM Grid System has a number of 
advantages over the Geographic Coordinate 
System (latitude/longitude), particularly in 
terms of speed and precision, and in the use of 
linear, metric units of measure, as opposed to 
the convoluted degrees, minutes and seconds of 
the geographic system. UTM involves no 
complex geometric constructions, and in its 
simplest application, requires only a straightedge, 
a "coordinate counter" (see Fig. 5.17), and a 
sharp hard-lead pencil as working tools. (The 
coordinate counter is a square frosted overlay with 
the appropriate scales to match the various United 
States Geological Survey, or USGS, map series.) 

The UTM coordinates of a point may be found 
if the point to be located is on a USGS map that 
has blue UTM tick marks along its edges. Most 
USGS quadrangle maps published since 1950, 
and all published since 1959, have these ticks. 
If no USGS map with UTM ticks exists for your 
location, or the map has not been updated since 
1950, this fact should be noted and extra attention 
given to the location map for your particular site 
or structure. 

In the UTM system, the earth is divided into 60 
zones running north and south, each 6 degrees 
wide, resembling the lunes in a beach ball. Each 
zone is numbered (most of the United States is in 
zones 10 through 19), beginning at the 180 degree 
meridian near the International Date Line. On a 
map, each zone is flattened, and a square grid is 
superimposed upon it. The grid is marked off in 
meters, and any point in the zone may be 
referenced by citing its zone number, its distance 
from the central meridian of the zone (easting), 
and its distance north from the equator (northing). 
These three figures in the format below: 

zone number.easting.northing 

make up a complete "UTM grid reference" for 
any point, and distinguishes it from any other 
point on the earth. 

The simplest method for determining a UTM 
coordinates is based on drawing part of the 
UTM grid on the USGS quadrangle map by 
connecting corresponding blue tick marks, and 
measuring from the grid lines to the point. This 
requires the following: 

A. A flat work surface on which the map may 
be spread out in full. 

B. A straightedge (ordinary rulers may not be 
quite straight) long enough to reach 
completely across the map-generally 30 to 
36 inches. 

C. A sharp, hard lead pencil. A 4 x 0 (0.18mm) 
drafting pen may also be used. 

D. A UTM coordinate counter. 

Structures need only be identified by one 
reference; for linear routes, such as canals or 
railroads, references for the end points should 
be given. For each point to be measured, follow 
these steps: 

1. Identify the point in question on the map. 

2. Draw a line from the top of the map to the 
bottom, connecting the UTM ticks directly 
west of the point, i.e. with the highest 
easting value less than that of the point. (Be 
sure the tick marks are marked with the 
same metric easting coordinate number.) 

3. Draw a line from the left to the right side of 
the map, connecting the grid ticks directly 
south of the point. (As with B, check that 
the two tick marks are marked with the 
same northing coordinate number.) This 
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line will intersect the previous line 
somewhat to the southwest of the point to 
be located. 

4. Copy the zone number onto a worksheet; 
the number is in fine print in the lower left 
hand comer notes of the quadrangle map. 

5. Copy onto your worksheet the portions of 
the easting and northing values given at the 
map ticks through which the lines have 
been drawn. 

6. Locate the L-shaped scale on the coordinate 
counter which matches that of the map 
(usually 1:24,000 for 7.5 minute USGS 
quads). Align the counter so that 

a. The side of the scale that reads from 
right-to-left lies along the east-west 
line. 

b. The side of the scale that reads from the 
left-to-right passes directly up through 
the point. 

Check the alignment to be sure it is precise. 

7. Read the coordinate counter scales, right-to-
left for easting to the point where the 
vertical line you drew crosses the scale, and 
upward for northing to where the point to 
be located intersects the scale. Enter the 
measured values 

8. Check the readings for plausibility-are all 
figures in the correct decimal place? 

9. Check the figures for accuracy by 
remeasuring. 

10. Be sure that the correct format is observed: 

zone number.easting.northing 
(2 digits).(6 digits).(7 digits) 

On measured drawings, the UTM grid reference 
of a structure should be noted under the scale 
bars on the regional or local location map of the 
title sheet. On small scale maps, a pair of cross 
hairs with a circle centered on the referenced 
point should be shown to focus readers on the 
precise location. 

Further References: 

Department of the Army, Technical Manual TM 5-241-8: Universal Transverse Mercator Grid. 
Washington, DC: 30 April 1973. 

National Register of Historic Places, Bulletin 28: Using the UTM Grid System to Record Historic 
Sites. 
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UTM COORDINATE COUNTER 

(mylar copy included in field kit) 

Fig. 5.17 
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